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Introduction 


The  U.S.  Air  Force  Medical  Service  presented  the  fifth  annual  Air  Force  Medical  Research  Symposium 
coordinated  by  the  Air  Force  Medical  Support  Agency’s  Research  and  Development  Division 
(AFMSA/SGRS).  The  symposium  was  held  on  24-26  August  2010  in  the  Washington  D.C.  area  at  the 
Doubletree  Hotel  Washington  DC  -  Crystal  City  in  Arlington,  VA.  The  symposium  featured  two  half¬ 
days  of  plenary  sessions,  one  and  a  half  days  of  scientific  presentations,  and  a  poster  session. 

The  symposium  was  organized  into  several  tracks  to  include  Operational  &  Medical,  En-route  Care, 
Force  Health  Protection,  and  Nursing,  as  follows: 

•  The  Operational  &  Medical  Track  focused  on  patient  care  and  treatment  in  garrison, 
expeditionary  care  during  contingency  operations,  and  enhancing  performance  of  airman  in 
challenging  environments. 

•  The  En-route  Care  Track  addressed  science  and  technology  targeted  at  the  continuum  of  care 
during  transport  from  point  of  injury  to  definitive  care  to  include  medivac,  aeromedical 
evacuation,  critical  care  air  transport,  patient  staging,  and  patient  safety. 

•  The  Force  Health  Protection  Track  focused  on  prevention  of  injury  and  illness  and  the  early 
recognition  or  detection  of  emerging  threats  for  in-garrison  or  deployed  operations.  Topics  of 
interest  include  research  in  bio-surveillance,  infectious  disease,  emerging  threats  (pandemic 
response),  protective  countermeasures,  disaster  response/consequence  management, 
toxicology/health  risks  (e.g.,  particulates  nanomaterials,  radiation,  etc.),  monitoring  disease 
trends,  other  areas  of  preventive  medicine,  public  and  environmental  health  relevant  to  the 
military  workforce. 

•  The  Nursing  Track  focused  specifically  on  evidence  based  practice. 

These  proceedings  are  organized  into  five  volumes,  as  follows: 

•  Volume  1.  This  volume  is  a  general  overview  of  the  entire  2010  Air  Force  Medical  Research 
Symposium  and  includes  abstracts  of  all  the  oral  presentations  and  posters.  First 
presented  is  the  symposium’s  opening  plenary  session,  followed  by  the  abstracts 
from  the  four  technical  tracks,  and  then  the  closing  plenary  session.  The  abstracts 
associated  with  the  poster  session  are  in  the  last  section  of  these  proceedings.  The 
agenda  for  the  overall  symposium  is  in  Appendix  A,  attendees  are  listed  in  Appendix 
B,  and  continuing  education  information  is  in  Appendix  C  of  this  volume. 

Appendices  D-L  are  copies  of  presentation  slides  from  the  plenary  sessions. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Operational  &  Medical 
Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  En-route  Care  Track. 
This  volume  contains  abstracts  and  presentation  slides  for  the  Force  Health 
Protection  Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Nursing  Track. 


•  Volume  2. 

•  Volume  3. 

•  Volume  4. 

•  Volume  5. 
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Optimal  User  Interface  for  Remote  En-Route  Care  Patient  Monitoring 

CSTARS-  Cincinnati 

Richard  D.  Bucholz,  MD 

Introduction:  The  U.S.  Army  Medical  Research  and  Materiel  Command  recommends  operating  rooms  are  developed  that 
“design  and  test  the  optimal  User  Interface  (UI)  for  surgeons,  anesthesiologists,  and  nurses  to  input  and  access  clinical  data.  The 
optimal  UI  will  support  multi-mode  access,  where  clinicians  are  able  to  use  mobile  devices,  internet  browser  access  to  intranets, 
and  adequate  remote  access  through  secured  internet  connections.”  The  Saint  Louis  University  (SLU)  Advanced  Neurosurgical 
Innovation  Center  provides  test-bed  capacity  to  translate  technology  from  bench  to  simulated  test-bed,  to  the  field.  Methods: 
Multimodal  technology  developed  at  SLU  (SLU,  U.S.  Pat  No.  6,928,490)  will  provide  a  networking  infrastructure  to  permit 
variable-bandwidth  testing  of  medical  device  telemedicine  in  collaboration  with  existing  USAF  C-STARS  simulation  laboratory 
facilities  at  SLU.  Results:  (1)  Create  a  shielded  space  manifested  by  a  firewall-protected  wired  and  wireless  network,  (2)  Provide 
life  support  networked  and  controlled  by  the  system,  (3)  Develop  display  devices  to  provide  visualization  for  the  surgeon  as  well 
as  any  other  required  participants  to  enable  experts  to  remotely  participate  in  a  given  intervention,  (4)  Enhance  plasticity  by 
removing  cumbersome  set-up  tasks  and  allowing  unprecedented  connectivity  between  devices.  (5)  Allow  rigorous  documentation 
and  archiving  of  all  information  generated  within  a  continuum  of  care.  Conclusion:  This  proposal  will  develop  and  test 
technology  to  integrate  medical  communication  within  a  shielded  environment,  allow  remote  projection  of  medical  and  surgical 
expertise  and  control  over  variable  bandwidth  networks  with  secure  encrypted  remote  command,  and  allow  monitoring  en  route 
from  far  forward  locations  to  the  final  definitive  care  facility. 
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Standards  and  Optimization 

Disclosures 

of  Health  Delivery 

Richard  D.  Bucholz,  MD  FACS 

Jeffrey  A.  Bailey,  MD  FACS,  Col,  USAF,  Mt\  FS 

Leslie  McDurmout,  BS 

*  Royalty  on  intellectual  property:  Medtronic 

■  Financial  interest:  Medical  Operating 

Networks  LLC 

Divisions  of  Neurosurgery  Trauma  and  CSTARS 
|K.  Department  of  Surgery 

Saint  Louis  University  Softool  of  Medicine 
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Technology  has  impacted  every 
facet  of  our  lives 

■  We  interact  with  computers  for  almost  every 
task 

■  Networked  computers  allow  near 
instantaneous  communication  across  the 
planet 

■  Almost  any  data  source  can  be  queried  by  a 
networked  computer 

■  This  ability  to  connect  and  share  information 
is  continuously  available  on  smart  phones 


Behind  each  advance  is  a  standard 
imposed  on  technology 

■  Proliferation  of  computers:  the  IBM  PC 
standard 

■  Networking  of  computers:  the  standard 
created  by  Arpanet 

■  Query  and  retrieval  of  information: 
Hypertext  Markup  Language  (HTML) 

■  Delivery  to  smart  phones:  the  standard 
created  by  millions  of  iPhones  sold 
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Disruptive  technologies  must  be 
standardized  to  make  them  useful 

■  Initial  chaos  caused  by  new  paradigm  has  to 
be  organized  for  everyday  use 

■  A  healthcare  example: 

■  Images  produced  by  scanners  from  different 
companies  were  not  compatible 

■  Prevented  review  of  medical  images  across 
platforms 

■  Professional  pressure  created  the  DICOM 
standard 

■  PACS  systems  could  not  exist  without  DICOM 

■  A  lesson  to  be  learned  throughout  medicine 


Production  and  display  of  health 
information  needs  standards 

■  Imaging  frequently  needs  expert  intervention 

■  Ultrasound  images  require  positioning,  selection 
of  depth,  gain 

■  Quality  of  MRI  highly  dependent  on  settings 

■  Particularly  true  of  information  obtained  in  the 
operating  and  emergency  rooms 

■  Positioning  of  microscopic  or  endoscopic  images 

■  Navigation  to  a  critical  point  within  the  patient 

■  A  standard  must  include  bidirectional  control 
and  sharing  of  all  information  sources 

6 
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How  can  a  standard  be  imposed? 

■  Top  down,  imposed  from  above: 

■  DICOM  standard  created  by  5  imaging  vendors 

■  Surgical  and  anesthetic  device  manufacturer  field 
is  “Balkanized” 

■  Hundreds  of  vendors  each  with  faithful  following" 

■  Reaching  a  consensus  from  such  a  diverse  group 
impossible  in  a  reasonable  time  period 

■  Bottom  up  using  an  existing  standard: 

■  "Grass  roots"  use  of  a  widely  deployed  existing 
standard 

■  Existing  standard  must  be  able  to  control  and  share 
information 

■  Web  mark  up  language  fits  the  specification 


HTML  is  already  the  language  of 
choice  for  information  sharing 

■  Existing  web  pages  display  every 
conceivable  information  source 

■  Applets  written  in  HTML  allow  control  of 
how  that  information  is  generated 

■  Examples: 

■  Web  cams 

■  Home  control 

■  Teleconferencing 


Medical  devices  can  be  easily 
altered  to  allow  web  control 

■  Each  device  has: 

■  Server  hardware 

■  Web  pages  stored  on  the  device  create  virtual  control 
panefs 

■  Local  control  performed  via  these  pages 

■  Wired  or  wireless  network  port 

■  Network  connection  automatically  created  by 
bringing  device  into  a  "therapy  suite": 

■  Operating  room 

■  Trauma  bay 

■  Med  Evac  air  transport 

■  Information  obtained  by  the  device  streamed  via 
standard  protocols  through  network  connection 


Schematic  of  controlled  device 
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The  cost  per  controlled  device  of 
these  modifications  is  about  $150 

■  Web  servers  can  be 
implemented  using 
single  chips 

■  Control  pages  saved 
in  non-volatile 
memory 

“  Manufacturer  of 
device  has  full  control 


Classification  of  controlled  devices 

■  Simple 

■  Control  only 

*  Operating  room  bed,  coagulator,  light  source 

■  Compound 

■  Control  and  telemetry 

p  Patient  monitoring  equipment,  imaging  devices 

■  Complex 

■  Control  telemetry,  and  automated  communications 

■  Operating  microscopes,  surgical  robots 


Devices  producing  information  would 
have  a  streaming  web  server 


Pertinent  information 
digitalized  and  sent  out 
as  stream  of  data 

■  Microscope:  video 

■  Life  support  equipment: 
EKG 

■  Neurophysiological 
monitor:  audio  stream 


Now  Ptorq  w  _  a  X  1 


Va]  Nenov,  GCQ  Inc, 


Therapist’s  console 


Control  pages  for  all  devices  listed  on  suite 
console 

■  Devices  represented  as  toons 

•  Clicking  on  icon  brings  up  control  page 

Information  generated  by  devices  streamed  to 
console 

Console  equipped  with  two  network  ports 

■  One  port  connected  to  the  suite’s  local  network 

■  Other  connected  to  the  Internet 
Configurable  firewall  allows  sharing  of  control 
and  information  datastreams 
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PUBLIC  INTERNE! 


SURGEON'S  CONSOLE  ROUTER  /  FIREWALL 


PACKET  SWITCH 


DEVICE  1 


DEVICE  2 


DEVICE  3 


Possible  therapists  consoles 


LCD  touch  panel  on  wheels 
Plasma  screen  on  wall 
Head  mounted  display 
Smartphone 
Any  device  capable  of 
displaying  and  interacting 
with  a  web  page 
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Sharing  data  and  control 

■  Local  therapist  can  grant  outside  viewing 
and/or  control 

■  By  dragging  device  icon  over  consultant’s 
icon  the  page  or  stream  is  shared 

■  Enabled  by  opening  a  port  within  the  firewall 

■  Therapist  can  stipulate  type  of  access  to 
each  device 

■  Data  sharing 

■  Joint  control 

■  Autonomous  control 
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Remote  workstation  is  simply  any 
computer 

■  Requirements: 

■  Network  connection  (wired  or  wireless) 

■  Characteristics  of  connection  will  determine  image  quality 
and  speed 

■  Minimal  hardware  and  software  requirements 

■  Compatible  browser 

■  Appropriate  video  codes 

■  Microphone  and  webcam  for  bidirectional 
communication 

■  Almost  any  current  laptop  can  be  used 


Example:  brain  electrode  insertion 

■  Indicated  for  treatment  of  movement 
disorders 

■  Electrode  location  determined  by  imaging 
and  intraoperative  recording 

■  Position  confirmed  using  intra-operative 
imaging 

■  Expertise  required: 

■  Interpretation  and  registration  of  images 

■  Interpretation  of  electrode  recordings 
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Registering  navigational  system  to 
anatomy  in  the  operating  room 
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Fine  tuning  position  based  on 
neurophysiological  recordings 


Replacing  recording  lead  with 
stimulator  lead  and  confirming  position 


The  individual  steps 

■  Imaging 

■  Planning 

■  Navigation 

■  Recording 

■  Therapy  trial  with  electrode 

■  Positional  confirmation  with  imaging 

Each  step  involves  a  computer ;  networking,  and  clinician  interaction! 


Proposed  standard  addresses  each 
requirement 

■  Devices  can  be  used  and  shared 
automatically  by  entering  the  suite 

■  The  suite  can  be  dynamically  changed  to 
address  the  needs  of  the  procedure 

■  All  information  streams  can  be  shared 

■  Static  imaging 

■  Video 

■  Audio 

■  Intervention  can  be  performed  with  the 
assistance  of  a  distant  expert 
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The  proposed  solution  places  no 
requirements  on  “therapy  suite” 

■  Operating  rooms  are  expected  to  allow  any 
procedure 

■  An  open  heart  procedure  can  follow  a  craniotomy 
in  the  same  room 

■  Few  hospitals  can  dedicate  rooms  to  a  single 
purpose 

■  Devices  are  set  up  according  to  surgeon’s 
preferences 

■  These  preferences  may  change  during  the 
procedure 


The  standard  can  be  used  in  the 
ED  and  in  the  field 

■  One  cable  connection  for  multiple  data  streams 

■  Consultant  can  monitor  and  control  any  device 
used  within  the  suite 

■  Video  stream  viewable  by  nursing  and 
anesthesia 

■  Control  of  complex  diagnostic  equipment  would 
be  simplified 

■  Expertise  can  be  projected  into  a  local  ED, 
ambulance,  or  Med  evac  aircraft 


Military  services  are  a  perfect  place 
to  start 

■  Frequently  encounter  complex  situations 
with  time  critical  interventions 

■  Situations  often  preclude  experts  to  be  “on 
the  ground” 

■  Our  experience  with  CSTARS  is  a  model 
of  remote  expertise  projection 

■  We  would  like  to  propose  a  test  bed  for 
medical  evacuation 


Proposed  test  bed 

■  Retrofit  existing  CSTARS  facility  and 
devices  to  proposed  standard 

■  Connect  facility  to  St.  Louis  University 
trauma  surgeons 

■  Revise  and  optimize  control  pages  for 
local  and  remote  viewing  and  control 

■  Optimize  bandwidth  controls 

■  Implement  connection  to  community  EDs 
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Once  test  bed  perfected: 

Implement  between  CSTARS  facilities 
Network  multiple  community  hospitals 

Implement  web  based  medical  expertise 
panel  to  provide  teleconferencing 

Implement  on  evacuation  aircraft  to  project 
expertise  anywhere  you  can  fly 


We  must 

address  the 

medical 

“Tower  of 

Babel" 

jJBfj i  iftfH 
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Vascular  Injury  Rates  from  the  Wars  in  Iraq  and  Afghanistan 

59th  Medical  Wing  (MDW)/SSSOGV 

Todd  E.  Rasmussen  MD,  Joseph  M.  White  MD,  W.  Darrin  Clouse  MD  Gabriel  E.  Burkhardt  MD,  Adam  Stannard  MRCS  Brian  J. 
Eastridge  MD,  Lome  H.  Blackboume  MD 

The  Institute  of  Surgical  Research,  Fort  Sam  Houston,  Texas  and  the  Uniformed  Services  University  of  the  Health  Sciences, 
Bethesda,  Maryland 


OBJECTIVE:  The  rate  of  vascular  injury  in  WWII,  Korea  and  Vietnam  was  2-3%;  however,  not  since  Vietnam  has  the 
epidemiology  of  this  injury  pattern  in  war  been  possible.  This  study  objective  is  to  report  the  burden  of  vascular  injury  over  7 
years  of  recent  combat.  METHODS:  The  Joint  Theater  Trauma  Registry  was  queried  (2002-2009)  for  vascular  injury  in  US 
Troops  and  groups  defined.  Group  1  (specific):  Troops  having  sustained  specific  vascular  injury  and  Group  2  (operative):  Troops 
having  undergone  a  designated  operation  for  vascular  injury.  RESULTS:  Group  1  included  1,597  Troops  injured  in  Iraq  (OIF) 
(n=l,417)  and  Afghanistan  (OEF)  (n=180).  Mechanism  included  explosive  (75%),  gunshot  (24%)  and  other  (1%)  with  explosive 
more  common  in  OIF  than  OEF  (p<0.05).  During  this  period,  13,076  battle  related  injuries  occurred  resulting  in  a  specific  rate  of 
12%  (1,597/13,076)  which  was  higher  in  OIF  than  OEF  (13%  vs.  9%  respectively;  p<0.05).  Of  Group  1,  60%  (n=940)  sustained 
injury  to  major  or  proximal  vessels  and  40%  (n=630)  to  minor  or  distal  vessels:  categorized  as  arterial  64%,  venous  16%  or 
combined  20%.  Group  2  comprised  1,212  Troops  revealing  an  operative  injury  rate  of  9%  (1,212/13,076)  and  included  ligation 
(n=660;  54%)  or  repair  (n=552;  46%).  The  “died  of  wounds”  rate  was  6.2%  in  OIF  and  7.2%  in  OEF  (p  =0.64).  CONCLUSION: 
The  rate  of  vascular  injury  recorded  in  modem  combat  is  5  times  previously  reported.  Differences  in  vascular  injury  burden 
related  to  theater  of  war,  mechanism  of  injury  and  combat  operational  tempo  can  be  discerned  and  anticipated. 
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Deputy  Cnininaiuk-r 
USA  Institute  of  Surgical  Research 

Associate  Professor  of  Surgery,  Uniformed  Services 
University  ol  the  Health  Sciences,  Belliesda*  Maryland  USA 


l  ime  is  Function:  The  Ischemic 
Threshold  in  the  Setting  of 
Extremity  Vascular  Injury 

Todd  F.  Rasmussen,  Mil  FACS 
Colonel  {self  USAFMC 
San  Atitujiiu  Military  Vascular  Surgery 


fl  /  Jflicii  R  at  t  If  field  HraLUi  &  Tr 


Vascular  Injury  Management  at 
Ecii  clous  of  Care 


Level  I:  Tactical  Combat  Casualty 
Care  (TC3)/  combat  medic 


Movement  from  Level  I  to  higher 
level  of  care  is  termed  casualty 
evacuation  or  CASK  VAC 


R at t le field  lira]  111  £TY 


Level  II  Forward  Surgical  Teams 


R  e  move  to  u  r  n  i  q  uet 
Explore  vascular  injury' 
Thrombectomy,  local 
heparin,  damage  control 
adjunct  (shunt) 
Kasciotoniy 


Movement  from  level  2  to  higher 
I  level  of  care  is  termed  medical 

evacuation  or  MEDEVAC 
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USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


Role  II:  Abbreviated  Operating  (<1 
hour) 


FOB  Shank  (OEF)  FOB  Jalalabad  (OEF) 


USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


• 

USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 

■  m  • 

USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 

r - 1 

r  Role  II  Adjuncts 

Triad  of  Forward  (Role  II)  Vascular 

Temporary  shunts  restore  circulation  to  injured  extremity  while  Injury  Management 

patient  evacuated  or  more  pressing  injuries  managed 
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Role  II  Adjuncts/  Temporary 
Vascular  Shunts 


USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


Arrival  in 
Emergency 
Department 


Patent  temporary 
vascular  shunt  in 
place  with  warm, 
perfused  hand 


Level  II:  Vascular  Shunts 


Javid  shunt  in  (VAC™) 


USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


Level  II:  Vascular  Shunts 


Receiving  document  from  role  II 


X-ray 
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Translational  Research  Question 


*  There  is  value  in  expedited  reperfusion? 

*  Should  levels  advocate  early  restoration  of  flow? 

Original  ARTICLE 


Early  Versus  Delayed  Restoration  of  Flow  With  Temporary  Vascular 
Shunt  Reduces  Circulating  Markers  of  Injury  in  a  Porcine  Model 

Mmuh  Wi  Giffanl,  IK),  JuiwthiiM  L  Ek ■  MU.  fJ '  Dwrtm  flour,  SID,  Jrrry  ft  Spttlc vr.  ftJ  7. 

Oti/W  £  ttfiriharilt  UtX  RnniJiwi  M  i'n  .1 Hi  /Wtj  V  l/V  (rf  -fun  Att-afciS.  MS. 

Jolt If  A  MW.  ML I.  Fitly.  iW  ToiA/  f,  ftiruwr"  «e  n  1/D 


Curuluhiim:  This  study  provides;  |iliysi  Dlujtic  insight  inln  live  benefit  of  TVS 
in  ii  miulel  of  cYlremitv  ischemia.  IduK  I  VS  nmledri  I  he  eslFemih  Ifoni 
further  isclieiatic  ins  nit  and  reduces.  circulating  markers  of  tissue  injury, 

Addilii-'iudly.  the  jm-suice  of  a  shum  docs  not  increase  the  Ischemic  tnjuiy 

luckx  .nuL  patency  is  inn  miauled  m  (he  absence  of  hcparimzativn. 


'BA Institute  ol  Snugi  ca]  Keseareh  /  Joint  BntllcticM  Health  &  Trim  inn  Institute 


What  is  an  Ischemic  Threshold? 


Objectives 


Institute 


The  point  in  time  after  w  hich  irreversible  tissue 
injury'  occurs  (i.e.  necrosis/  loss  of  function) 

End  organs  are  particularly  susceptible 


*  To  characterize  the  neuromuscular  ischemic 
threshold  of  the  extremity  using  a  large  animal 
survival  model 

•To  assess  the  impact  of  class  III  shock  on  the 
ischemic  threshold  of  the  extremity  using  a 
large  animal  model  of  neuromuscular  recovery 
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USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


Repair/  reperfusion 


Baseline 


Groups: 

0, 1,  3,  6  hr 
ischemia  and 
ligation 


14 -day  survival  with 
physiologic  measures  of 
recovery 


I 


Histology 


Volume  -controlled 
hemorrhage 
(20  minutes/  35%) 


Reperfusion  via 
arteriotomy  and 
patch  angioplasty 


Duplex 

surveillance 


Modified  Tarlov  Score: 

0  -  Insensate,  paralyzed  limb 

1  -  Able  to  sit 

2  -  Stands,  unable  to  bear  weight 

3  -  Walks,  with  gait/  posture  abnormality 

4  -  No  gait  or  posture  abnormality 
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Methods:  Nerve  Conduction 


Methods:  Statistical  Analysis 


Peroneal  (motor) 
Nerve 


Tibial  (mixed) 
Nerve 


♦  Univariate  analysis  of  single  measures 
endpoints  were  described  by  one  way  ANOVA 

♦  Repeated  measures  of  nerve  conduction  and 
gait  were  combined  in  a  mixed  regression 
model  to  establish  a  physiologic  measure  of 
recovery  or  PMR  to  characterize  the  ischemic 
threshold  of  the  extremity 


•  • 

USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 

•  - 

USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 

r  1 

f  Results:  14  Days 

iyn  ?. 

Results:  Histology 

Variables 

[Units] 

Means  ±  SEM 

c 

1HR 

3HR 

6HR 

Lig 

P 

Tkrlov  score 

2.71±0.38 

3.60±0.45 

2.5*0.50 

1.80*0.45 

1.8*0.45 

0.053 

CMAP  [mV] 

12.08±1.48 

14.76*1.48 

7.4±1.6 

0.54*1.48 

1.4*1. 4 

<0001 

SNAP[uV] 

17.94i3.36 

15.78*3.36 

14.8*3.76 

3.94*3.36 

1.5±3.3 

0.0069 

Femoral  a.  [cm/sec] 

78.5±5.42 

613*6.41 

86.8±7.1 

90.3*6.41 

42.8*6.4 

0.0002 

CPK  [ug/L] 

2296±448 

1633  2*59 

193 ^±5 93 

2130*530 

4008*530 

0.0398 

Potassium  [mEq/L] 

4.57*0.24 

3.98*028 

3.78*0.31 

4.06*0.28 

5.30*0.28 

0.0074 
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Time  (hours) 
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20% 
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Time  (Hours) 
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Summary 


USA  Institute  of  Surgical  Research  /  Joint  Battlefield  Health  &  Trauma  Institute 


Conclusion 


♦  This  experiment  demonstrates  the  feasibility 
of  combined  hemorrhagic  shock  and 
extremity  ischemia/reper fusion  in  a  large 
animal  survival  model 

•  The  presence  of  class  III  hemorrhagic  shock 
compounds  the  impact  of  extremity  ischemia 
reducing  the  ischemic  threshold  of  the  limb  to 
less  than  three  hours 


•  Strategies  to  improve  functional  limb  salvage 
following  extremity  vascular  injury  in  the 
setting  of  shock  should  include  early  restoration 
of  flow  within  60  minutes  (i.e.  time  is  tissue...) 

•  Further  investigation  is  warranted  to  assess 
impact  of  interventions  such  as  temporary 
vascular  shunts,  therapeutic  reperfusion  and 
fasciotomy  on  outcomes  measures  in  this  model 
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“For  Combat  Wounded...” 


V. 
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in  W  | 
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Direct  Vascular  Control  Results  in  Less  Physiologic  Derangements  than  Aortic 
Crossclamping  in  a  Porcine  Model 

Brooke  Army  Medical  Center  (BAMC)  -  Working  with  59  Medical  Wing  (MDW)/SSSOGV 
Capt  Nick  Markov 


OBJECTIVE:  Establishing  vascular  control  during  resuscitation  in  patients  with  end  stage,  non-compressible  extra-thoracic  torso 
hemorrhage  remains  debated.  Currently,  guidelines  recommend  emergency  department  thoracotomy  (EDT)  with  aortic  clamping 
although  trans-abdominal  aortic  control  and  direct  vascular  control  of  the  injury  are  potential  alternatives.  The  objective  of  this 
study  is  to  introduce  an  animal  model  of  extra-thoracic  torso  hemorrhage  and  to  compare  the  effectiveness  of  various  methods  of 
initial  open  vascular  control.  STUDY  DESIGN:  Animals  (Sus  Scrofa)  (mean  weight=80.9  kg)  were  randomized  into  3  groups  all 
of  which  had  class  III  shock  established  via  hemorrhage  from  an  iliac  artery  injury  prior  to  exploration  with  temporary  vascular 
shunting.  Group  1:  EDT  with  thoracic  aortic  clamping  (N=6),  Group  2:  intra-abdominal  supra-celiac  aortic  clamping  (SCC;  N=6), 
and  Group  3:  direct  vascular  control  (DVC)  of  bleeding  site  without  aortic  clamping  (N=6).  All  groups  were  subsequently 
resuscitated  and  monitored  for  6  hours  with  repeated  measures  of  central  perfusion,  cerebral  perfusion,  and  end  organ  function  at 
standardized  time  points.  RESULTS:  There  was  no  difference  in  mortality  among  the  groups  and  no  TVS  failures.  Central  aortic 
pressure,  carotid  flow  and  trans-cranial  brain  oximetry  all  demonstrated  increases  in  Groups  1  and  2  after  application  of  the  aortic 
clamp  relative  to  Group  3  (p<0.05).  During  resuscitation,  serum  lactate  levels  were  higher  in  Group  1  compared  to  Groups  2  and 
3  (6.85  vs.  3.08  and  2.15,  respectively;  p<0.05)  and  serum  pH  in  Group  1  reflected  greater  acidosis  than  Groups  2  and  3  (7.24  vs. 
7.36  and  7.39,  respectively;  p<0.05).  Groups  1  and  2  required  significantly  more  intravenous  fluid  than  Group  3  (2,166ml  and 
1,833ml,  vs.  500ml  respectively;  p<0.05)  and  significantly  more  vasopressors  were  used  in  Groups  1  and  2  compared  to  Group  3 
(52.1  meg  and  43.5mcg  vs.  10.3mcg,  respectively;  p<0.05).  CONCLUSION:  This  study  reports  a  novel  model  of  non- 
compressible  extra-thoracic  torso  hemorrhage  comparing  the  effectiveness  of  EDT  to  SCC  and  DVC.  Although  EDT  and  SCC 
increased  central  and  cerebral  perfusion,  DVC  resulted  in  less  physiologic  derangement.  Clinical  studies  evaluating  DVC  are 
warranted  and  require  further  investigation. 
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AFMS  2010  W  Background 


Direct  vascular  control  results  in  less  physiologic 
derangement  than  aortic  cross  clamping  in  a  porcine 
model  of  non-co mpressible  torso  hemorrhage 

Capt  Nickolay  Markov  MD,  Capt  Joseph  M.  White  MD,  Lt 
Col  Jeremy  W.  Cannon  MD,  Major  John  S.  Oh  MD,  Lt  Cdr 
Adam  Stannard  MRCS,  Jerry  R.  Spencer  RVT, 

Col  (sel)  Todd  E.  Rasmussen  MD 


San  Antonio  MilitaryVascular  Surgery  &  The  US  Army 
Institute  Of  Surgical  Research,  Fort  Sam  Houston,  Texas 
The  Uniformed  Services  University  of  the  Health  Sciences, 
Bethesda,  Maryland 


W  Definition  W  Background 


Causes  of  Death  in  U.S.  Special  Operations  Forces  in  the 
Global  War  on  Terrorism 
200 1 -2004 

John  ti  Holcomb.  MD.*  Neil  R.  McMullin.  MD*  Lisa  Pearse.  Ml)  J  Jim  Cun, so.  MD.  f 
Charles  E.  Wade.  PhD,*  Lynne  Oetjcn-Gertles,  MA.t  Howard  R.  Chum f non.  FRC'S.J 
Mam  Luwnick.  RN.  •  Warner  Farr,  MD.f  Sam  Rmlrigae:.  HS,$  and  Frank  K  Butler,  MD\\ 


Bark  clou  ml:  I  llcvtivc  enrnhat  munu  management  klratcgk*  tic* 
pemt  ujvtn  an  understanding  of  the  epidemiology  of  doth  »n  tile 
Mllehcld 

Mrihnrfx:  A  ptmcl  of  unlit.iiv  nuitit.il  rspcrl*  mKKoi  photo- 
giaphs  amt  jtitopi)  ami  irranncnt  rrconh  for  ull  S|\m.iI  wpcr.nuim 


tm\ it.iMf  injuries.  Structured  taulyui  identified  unproved  tnctUsh 
of  truncal  hcnnnitugc  control  at  a  principal  toc.iith  requirement 
<  unrluvlonv:  the  majtirils  nl  death •  on  the  modem  Kitttefield  are 
Ikiftllirvlvahlc  lull'-. ’ll,  tl  .Inlli.id.  •  •  I  ll:l  i  u  .  . . .  II  l ... 

•mmiyvrevsit»le^i2il^Miit)t r^ 

_ _ 


“A  constellation  of  injuries  not  amenable  to 
control  by  external  compression,  which  without 
intervention  would  likely  result  in  death  or 
significant  morbidity  as  a  result  of  hemorrhagic 
blood  loss  including  trunkal  vascular  injury  and 
high  grade  organ  injuries” 


Improvements  in  personal  protective  equipment  and 
combat  casualty  care  have  resulted  in  improved 
survivability  compared  to  previous  conflicts 

Extremity  vascular  trauma  is  amenable  to  pre¬ 
hospital  control 

85%  of  battlefield  deaths  are  due  to  exsanguination 

Currently  non-compressible  haemorrhage  can  only 
be  controlled  by  surgical  intervention 
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Background 


*  Optimal  surgical  approach  to  non-compressible  extra- 
thoracic  torso  hemorrhage  following  penetrating 
injury  in  civilian  and  military  setting  is  unknown 


»  1.  Seamon  MJ  et  al.  Emergency  departmentthoracotomy: 
still  useful  alter  abdominal  exsangui nation?  J Trauma.  2008; 
64(1):  1-7. 

»  2.  Edens  JW  et  al.  Long  term  outcomes  after  combat  casualty 
emergency  department  thoracotomy.  Journal  of  the  American 
College  of  Surgeons.  2009;  209(2):188-97. 


V  Background 


*  Traditional  approach  to  the 
patient  with  profound  shock 
and  hemoperitoneum  is 
t  laparotomy  (i.e.  primary 

laparotomy)  and  control  of 

f  1 

the  vascular  injury 

IwiJ  0 

P ri mary  iapa rot omy : 

-  6/11  (55%)  survived  OR 

-  4/11  (36%)  survived  to 

m 

discharge 

Background 


Alternatively,  pre-laparotomy 
thoracotomy  with  aortic 
cross-clamp  can  be 
performed  (i.e.  resuscitative 
thoracotomy): 

-  11/29  (38%)  survived  OR 

-  7/29  (24%)  survived  to 
discharge 

Ledgerwood  AM,  Kazmers  M,  Lucas  CE. 
The  role  of  thoracic  aortic  occlusion  for 
massive  hemoperkoneum.  J  Trauma 
1976;  16(8):  610-15 


Background 


Resuscitative  thoracic 
aortic  occlusion 

1.  Occlude  aorta  distal  to 
left  subclavian  artery 

2.  Existing  cardiac  stroke 
volume  and  “central 
pressure”  maintained  to 
myocardium  and  brain 

3.  Bleeding  distal  to  aortic 
occlusion  temporized  or 
stopped 
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Background 


Objective 


•  Advantages  of  laparotomy  and  direct  vascular 
control: 

Analogous  to  ‘‘scoop  and  run” 

Avoids  time  needed  for  thoracotomy  (i.c. 
‘‘additional  pre-operative  procedure”) 

Avoids  the  morbidity  of  violating  the  thoracic 
cavity 

•  Disadvantages  of  laparotomy  and  direct  vascular 
control : 

Prolonged  global  hypoperfusion 


•  To  introduce  a  translatable,  large  animal  model 
of  extra-thoracic  torso  hemorrhage  (class  III/IV 
shock)  allowing  examination  of  the  effectiveness 
of  resuscitative  aortic  occlusion 

•  To  compare  the  effectiveness  of  traditional 
methods  of  vascular  control  using  hemodynamic 
measures  of  central  and  cerebral  perfusion  and 
circulating  markers  of  physiologic  derangement 


Methods:  Study  Design 


Methods:  Surgical  Approach 


Study  groups  separated  by 
operative  sequence/  approach 


Aortic  occlusion; 

’  laparotomy  and 
vascular  control 

No  aortic  occlusion; 
■  laparotomy  and 
vascular  control 


•  8.5  Fr  sheath  into  right  iliac  artery  to  simulate 
vascular  injury  /  hemorrhage 

•  Croup  1  (EDT):  Thoracic  aortic  occlusion  through 
left  anteriolateral  thoracotomy 

•  Group  2  (SSC):  Supra-celiac  aortic  occlusion 
through  laparotomy  and  lateral  to  medial  visceral 
rotation 

•  Croup  3  (DVC):  Direct  vascular  control  without 
proximal  aortic  vascular  occlusion 
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Methods:  Study  Flow  Chart 


Hemorrhage 


Injury 


i 


I  II 


20  min 


Transfusion 

j  Aortic  damp 


Clamp  release/  reperfusion 


II  I 

45  min  T-45  6  hours 


•  Hemorrhage  shock  established  by  volume  and 
rate  controlled  hemorrhage 


•  Hemoperitoneum  was  simulated  by  the  infusion 
of  2  liters  of  0.9%  into  the  peritoneal  cavity. 

•  0.1 5ml/kg/min  of  ongo  ing  hemorrhage  was 
added  prior  to  temporary  vascular  control. 


Methods:  Resuscitation 


Methods:  Injury  Control/ 
Extremity7  Reperfusion 


•  Whole  blood  resuscitation  was  used  (20%  of  total 
blood  volume)  (resuscitation  consisted  of  shed 
blood) 

•  The  blood  pressure  was  titrated  to  a  goal  mean 
central  pressure  of  60  mmHg  using  intravenous 
fluid  boluses  (IVFB) 

•  Norepinephrine  (8mg/250ml  concentration)  >vas 
titrated  to  obtain  and  maintain  the  goal  central 
pressure 


•  Temporary  vascular 
shunt  in  iliac  artery 
injury  site  to  control 
injury  and  restore 
perfusion  during  6 
hour  ICU  or 
resuscitation  phase 
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Methods:  Statistical  Analysis  Methods:  Physiologic  Endpoints 


•  Group  means  of  single  measures  were  compared  by 
analysis  of  variance 

•  Geometric  means  were  compared  for  measures 
which  appeared  to  be  more  normally  distributed 
after  log-transformation 

•  For  repeated  measures,  group  comparisons  were 
conducted  using  a  mixed  model  with  autoregressive 
first  order  covariance  structure  treating  time  as  a 
categorical  factor 


•  Carotid  flow  rate  (transonic  flow?  probe; 
Transonic  Systems  Inc.) 

•  Partial  pressure  of  brain  tissue  oxygenation 
(LICOX;  Integra) 

•  Intravenous  fluid  bolus  requirements 

•  Norepinephrine  requirement 


V* *  Results:  Carotid  Flow 


Partial  Pressure  of 
Brain  Tissue  Oxygen  (Pb02) 
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S/  Central  Aortic  Pressure 


S/  Laboratory  Analysis 


8.00 

7.00 

6.00 

5.00 

4.00 

3.00 

2.00 

1.00 

0.00 

-1.00 

-2.00 

-3.00 

-4.00 


N=18 


■  EDT 
■SCC 

■  Dve 


Lactate 


pH 


Base 


P<0.05 
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Limitations 


Summary 


*  Our  model  represented  a  relatively  short 
reperfusion  period  without  long-term  survival  data. 

*  Our  model's  overall  survival  rate  was  much  greater 
than  the  anticipated  survival  demonstrated  in  the 
literature  of  5-15%. 

»  Edens  JW  et  al.  Longterm  outcomes  after 
combat  casualty  emergency  department 
thoracotomy.  Journal  of  the  American  College  of 
Surgeons.  2009;  2 09(2):  188-97 


•  This  study  reports  a  model  of  extra-thoracic  torso 
hemorrhage  allowing  assessment  of  surgical 
approaches  to  resuscitative  aortic  occlusion  and 
injury  control 

•  Resuscitative  aortic  occlusion  via  open  thoracotomy 
increases  central  aortic  pressures  and  brain 
perfusion  to  levels  greater  than  baseline 

•  Resuscitative  aortic  occlusion  via  open  thoracotomy 
results  in  physiologic  derangements  including 
acidosis  with  greater  fluid  and  pressor  requirements 


Summary 


•  Laparotomy  with  direct  vascular  control  results  in 
prolonged  central  aortic  hypotension  but  is 
associated  with  less  physiologic  derangement  than 
open  thoracotomy  with  aortic  clamping 


•  Ideal  method  of  resuscitative  aortic  occlusion 
would  achieve  maintenance  of  central  aortic 
pressure  and  cerebral  flow  iu  a  less  invasive 
manner,  minimizing  physiologic  derangement 
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Hemorrhagic  Shock  Worsens  Neuromuscular  Recovery  in  a  Porcine  Survival  Model  of 
Ischemia/Reperfusion  Injury 

59th  Medical  Wing  (MDW)/SSSOGV 

Capt  Heather  Hancock  MD,  Lt  Cdr  Adam  Stannard  MRCS,  Jerry  Spencer  RVT,  Capt  Gabriel  Burkhardt  MD,  LTC  Todd 
Rasmussen  MD:  San  Antonio  Military  Medicine  Consortium,  University  of  Texas  Health  Science  Center  at  San  Antonio,  and  the 
Uniformed  Services  University  of  the  Health  Sciences  Bethesda,  MD 


BACKGROUND:  Current  pre-hospital  damage  control  strategies  have  increased  survival  to  surgical  care,  resulting  in  an 
increased  burden  of  severely  injured  salvaged  limbs  and  emphasis  on  the  functional  outcomes  of  salvaged  limbs.  The 
objective  of  this  study  is  to  characterize  the  additive  effect  of  hemorrhagic  shock  in  a  novel  porcine  survival  model  of 
functional  limb  outcomes.  METHODS:  Groups  of  6  animals  were  randomized  to  iliac  artery  repair  after  progressive 
times  of  ischemia.  35%  total  blood  volume  was  removed  at  a  controlled  rate  creating  Class  3  shock.  An  earlier  arm  used 
the  same  groups  without  hemorrhage  and  was  used  for  comparison.  Animals  were  monitored  for  14  days  to  serially 
collect  markers  of  functional  recovery.  RESULTS:  Immediate  Iliac  repair  and  1  hour  ischemia  animals  had  full 
functional  recovery  by  the  end  of  the  observation  period  with  minimal  histologic  evidence  of  remaining  muscle  and  nerve 
damage,  equivalent  to  controls  without  hemorrhage.  Following  3  hours  of  ischemia,  functional  recovery  was  delayed  and 
impaired,  with  moderate  to  severe  degeneration  of  nerves  and  muscle  noted  on  histology.  Animals  undergoing  6  hours  of 
ischemia  with  the  addition  of  hemorrhage  had  minimal  EMG  response  and  suffered  severe  systemic  inflammation. 
Histological  outcomes  demonstrated  nearly  complete  muscle  and  nerve  degeneration.  Significant  mortality  differences 
were  noted  when  comparing  delayed  reperfusion  groups  (3,  6,  ligation)  with  early  repair.  CONCLUSION:  Results  suggest 
a  detrimental  impact  on  the  ischemic  threshold  already  defined  in  a  non-hemorrhagic  model.  It  is  likely  that  this  model 
more  accurately  represents  the  critically  ill  combat  casualty  and  as  such  will  more  reliably  inform  clinical  practice. 
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AFMS  Virginia  2010 


Background 


Hemorrhagic  Shock  Compounds  Ischemia/ 
Reper fusion  Injury  in  a  Porcine  Hind  Limb  Model 

Capt  Heather  M.  Hancock,  MD 
Lt  Cdr  Adam  Stannard,  MRCS 
Capt  Gabriel  E.  Burkhardt,  MD 
Jerry  R.  Spencer  RVT 
Col  (sel)  Todd  E.  Rasmussen,  MD 

San  Antonio  Military  Vascular  S  urgery,  Lackland  AFB,  TX, 

The  University  of  Texas  Health  Science  Center 
San  Antonio,  TX 

The  Uniformed  Services  University  of  the  Health  Sciences  Bethesda,  MD 


4  Extremity  trauma  is  the  most  common  combat  related 
injury 

4  Life  threatening  injuries  may  delay  management  of 
extremity  vascular  injuries 

4  Adjuncts  such  as  temporary  vascular  shunts  and 

fasciotomy  extend  the  window  of  opportunity  for  repair 

Rasmussen  TE,  Clouse  WD.  J  Trauma  2006 
Clouse  WD,  Rasmussen  TE.  J  Am  Coll  Surg  2007 
Clouse  WD,  Rasmussen  TE.  JVasc  Surg  2008 
Gilford  SM,  Rasmussen  TE  .  J  Vase  Surg  2009 


Background 


•  Clinical  dogma  proposing  tolerance  of  6  hours  of 
extremity  ischemia  has  been  challenged  with  efforts  to 
improve  quality  limb  salvage 

•  Irreversible  muscle  and  nerve  injury  may  occur  within  3 
hours  of  hind  limb  ischemia 

Schratzberger  et  al.  Nature  2000 
Chervo  et  al.  J  Surg  Res  1989 
Labbe  et  al.  J  Surg  Res  1988 

•  Effects  of  graded  ischemia  during  the  acute  reperfusion 
period  suggest  benefit  with  early  restoration  of  flow 

Gifford  SM  Rasmussen  TE  J  Trauma  2009 
Burkhardt  GE  Rasmussen  TE  J  Trauma  2010 


W  Background 


4  V ascular  inj  ury  rates  in  the  wars  in  Iraq  and 

Afghanistan  are  5  times  that  previously  reported  in 
wartime 

•  Changes  in  military  doctrine  have  now  positioned  initial 
surgical  care  within  60  minutes  of  injury 

•  Recent  burden  of  extremity  vascular  injury  has  led  to  a 
reprisal  of  efforts  to  improve  quality  or  functional  limb 
salvage 
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Background 


Objective 


4  To  advance  functional  or  quality  limb  salvage  a  better 
understanding  of  the  ischemic  threshold  of  the  limb  is 
required 

•  To  date  models  are  small  animal  with  limited  ability 
to  translate  to  large  vessel  injury  and  few  include 
survival  with  physiologic  measures  of  nerve  and 
muscle  function  or  recovery 

•  The  impact  of  hemorrhagic  shock  on  the  ischemic 
threshold  of  the  extremity  is  unknown 


•  Describe  a  large  animal  survival  model  of 
concomitant  hemorrhagic  shock  and  hind 
limb  ischemia  and  reperfusion 

•  Characterize  the  impact  of  class  HI  shock  on 
the  ischemic  threshold  of  the  extremity  using  a 
large  animal  model  of  neuromuscular  recovery 


Methods:  Model  Overview 


Repair/  reperfusion 


Baseline 


■  ....I 

Groups: 

0, 1,  3,  6  hr 
|  ischemia  and 
ligation 


- r - 

14-day  survival  with 
physiologic  measures  of 
recovery 


I 


Histology 


W  Methods:  Occlusion 


Ischemia:  iliac  artery  Absence  of  axial  flow 
ocdusion 
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Methods:  Hemorrhage 


Methods:  Repair 


Volume  -controlled 
hemorrhage 
(20  minutes/  35%) 


Reperfusion  via 
arteriotomy  and 
patch  angioplasty 


Duplex 

surveillance 


Methods:  Gait  Testing 

Modified  Tarlov  Score: 

0  -  Insensate,  paralyzed  limb 

1  -  Able  to  sit 

2  -  Stands,  unable  to  bear  weight 

3  -  Walks,  with  gait  or  posture  abnormality 

4  -  No  gait  or  posture  abnormality 


Methods:  Nerve  Conduction 
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W  Methods:  Histology 


Methods:  Statistical  Analysis 


Muscle 

Degeneration 

0  -  N  o  involvement 

1  - 1%  -  25%  of  cross  sectional 

area  affected 

2  -  26%  -  50%  of  cross  sectional 

area  affected 

3  -  51%  -  75%  of  cross  sectional 

area  affected 

4  -  76%  - 100%  of  cross  sectional 

area  affected 


Nerve 

Degeneration 

0  -  No  degeneration 

1  -  Minimal  degeneration 

2  -  Moderate  degeneration 

3  -  Severe  degeneration 


•  Univariate  analysis  of  single  measures  endpoints  were 
described  by  one  way  ANOVA,  with  significant 
variables  further  analyzed  with  subgroup  t-test 
comparisons 


•  Repeated  physiologic  measures  of  nerve  conduction 
and  gait  (CMAP,  SNAP,  NCV,  Tarlov)  were  combined 
to  generate  a  composite  measure  of  neuromuscular 
recovery  used  to  characterize  the  ischemic  threshold 
of  the  extremity 


Methods:  Statistical  Modeling 


SsJ  Results:  Baseline 


•  Group  comparison  of  repeated  measures  described  via 
a  mixed  model  with  autoregressive  1st  order  covariant 
structure 

Physiologic  Model  of  Recovery  (PMR) 

¥=  B0+ B/l/ft+O.Ol))  +B2(ln(t+1)) 

Y  is  physiologic  extent  of  recovery,  B  are  coefficients 
derived  from  sum  of  least  squares  of  observed  data  points 
and  t  is  time 


Variables 
Means  (SD) 

Control 

N=5 

1  Hr 

N=5 

3  Hr 

N=6 

6  Hr 

N=6 

Ligation 

N=6 

Wt  (kg) 

84(12) 

80  (7) 

78(3) 

82(7) 

82(7) 

HR  [beats/min) 

89(5) 

81  (10) 

86(8) 

83  (8) 

87(4) 

MAP  [mmHgl 

72(3) 

64(3) 

65(3) 

65  (5) 

69  (9) 

Hb  (g/dL) 

10(1) 

9(1) 

10(1) 

9(0.4) 

10  (1) 

Lac  [mmoI/L] 

1.2  (0.2) 

1.1  (0.3) 

1.0  (0.1) 

1.0  (0.2) 

1.0  (0.3) 
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Results:  Baseline 


Variables 
Means  (SD) 

Control 

N=  5 

1  Hr 

N  =  5 

3  Hrs 

N  =  6 

6  Hrs 

N  =  6 

Ligation 
N  =  6 

Tarlov  Scare 

4 

4 

4 

4 

4 

CMAP  [mV) 

14(2) 

14(3) 

16(5) 

17(5) 

14  (5) 

SNAP  [uV) 

25  (6) 

20  (8) 

25  (7) 

20  (7) 

21(4) 

NCV  (m/sec) 

42(8) 

41  (5) 

45(4) 

42(2) 

44(4) 

Duplex  Velocity 

78  (21) 

81  (9) 

81  (14) 

85  (20) 

72(13) 

[cm/sec| 


%.</  Results:  Final 

▼ 


Variables 

Means  ±  SE 

Control 

N  =  5 

1  Hr 

N  =  5 

3  Hrs 

N  =  4/6 

6  Hrs 

N  =  5/6 

Ligation 
N  =  5/6 

P 

Tarlov  Score 

3.4  ±0.4 

3.6  ±0.4 

2.5  ±  0.4 

1.8  ±0.4 

1.8  ±  0.4 

0.005 

CMAP  (mV) 

12  ±1.5 

15  ±  1.5 

7.4  ±  1.7 

0.5  ±1.5 

1.4  ±1.5 

<.0001 

SNAP  [uVJ 

18  ±3.4 

16  ±3.4 

15  ±  3.8 

3.9  ±3.4 

1.6  ±3.4 

0.007 

Duplex 

[cm/sec) 

77  ±  6.7 

61  ±  6.7 

87  ±  7.5 

90  ±  6.7 

43  ±  6.7 

0.0004 

Results:  Final 


Results:  Histology 


Variables 

Means  ±  SE 

Control 

N  =  5 

1  Hr 

N  =  5 

3  Hrs 

N  =  4/6 

6  Hrs 

N  =  5/6 

Ligation 
N  =  5/6 

P 

Hb  [g/clL  | 

8.9  ±  03 

9.4  ±  0.3 

9.1  ±0.4 

8.5  ±  0.3 

9.4  ±  0.3 

0.35 

AST  (HJ/L) 

43  ±11 

42  ±11 

49  ±12 

48  ±11 

78  ±11 

0.14 

Lactate 

0.9  ±  0.2 

0.6  ±0.2 

0.8  ±0.2 

0.7  ±0.2 

0.7  ±  0.2 

0.86 

(mmol/L) 

CPK  (ug/L) 

2145 

1633 

1940 

2131 

4009 

0.04 

±532 

±532 

±594 

±532 

±532 

K  [mEq/L) 

4.6  ±03 

4.0  ±0.3 

3.8  ±  0.3 

4.1  ±03 

5.3  ±  0.3 

0.01 
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20% 

0% 


A 


a 

H  -60% 


-80% 

-100% 


Results:  PMR  No  Hemorrhage 


«♦* * 


Results:  PMR  Hemorrhage 


Physiologic  Measure  of  Recovery  (PMR) 


Physiologic  Measure  of  Recovery  (PMR) 


24  48  72 


-  1HR 


120  144  168  192  216  240  264  288  312  336 

Time  (Hours) 

— 3HR  — 6HR 


48  72  96  120  144  168  192  216  240  264 

Time  (Hours) 

—1  HR  —3  HR  —6  HR 


W  Results:  Study  Comparison 


Summary 


PMR  at  14  Days 


Ph  Control  13  6  ligation 

Protocol  Groups 

■  No  Hemorrhage  135%  Hemorrhage 


4  This  experiment  demonstrates  the  feasibility  of  combined 
hemorrhagic  shock  and  extremity  ischemia/reperfusion  in 
a  large  animal  survival  model 

4  This  experiment  confirms  and  extends  a  previous  report 
using  this  physiologic  measure  of  recovery  which 
includes  nerve  conduction  and  gait  assessment  in  the 
absence  of  hemorrhage 

•  The  presence  of  class  HI  hemorrhagic  shock  compounds 
the  impact  of  extremity  ischemia  reducing  the  ischemic 
threshold  of  the  limb  to  less  than  three  hours 
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Conclusion 


4  Strategies  to  improve  functional  or  quality  limb 
salvage  following  extremity  vascular  injury  in  the 
setting  of  shock  should  include  early  restoration  of 
flow  within  60  minutes 

-  Further  investigation  is  warranted  to  assess  the  impact 
of  interventions  such  as  temporary  vascular  shunts, 
therapeutic  reperfusion  and  fasciotomy  on  the 
outcome  measures  in  this  model 
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Results:  Ischemic  Threshold 
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Quality  of  limb  salvage  following  wartime  extremity  vascular  injury:  results  of  a  novel 
patient-based  outcomes  study 

UK  Research  Fellow  Working  with  59th  Medical  Wing  (MDW)/SSSOGV 

Adam  Stannard,  Gabe  Burkhardt,  Barbara  Keltz,  Chantel  Porras,  Rebecca  Ivatury,  Shaun  Gifford,  Todd  Rasmussen,  59th  Clinical 
Research  Training  Division,  Wilford  Hall  Medical  Center,  2200  Bergquist  Drive  ,  Bldg  4430,  Lackland  AFB,  TX  78236-5300 


BACKGROUND:  As  efforts  are  increasingly  directed  beyond  statistical,  to  quality  limb  salvage,  following  extremity 
vascular  injury,  a  patient-based  outcomes  measure  is  needed.  The  objective  of  this  study  is  to  describe  a  novel 
questionnaire,  designed  to  assess  quality  of  limb  (QOL)  in  a  cohort  of  combat  wounded  with  limb  threatening  injuries. 
METHODS:  Clinical  records  from  the  Joint  Trauma  Theatre  System  (JTTS)  were  reviewed  for  a  cohort  with  extremity 
vascular  injuries  between  2002  and  2009.  A  21-point  questionnaire  addressing  limb  outcome  (limb  status,  pain,  functional 
impairment,  satisfaction  with  current  limb)  was  completed.  Patient  responses  were  stratified  on  a  30-point  scale  with  0 
representing  the  poorest  limb  quality.  RESULTS:  Contact  was  made  with  104/256  (41%)  of  patients  and  survey  responses 
for  QOL  questionnaire  from  45  (45%).  Eighty-seven  percent  (39/45)  of  respondents  had  lower  limb  injuries.  Nine 
patients  with  lower  extremity  injury  (23%)  had  an  amputation  and  all  could  mobilize  with  a  device.  Lower  limb  salvage 
was  76%  at  28  months,  although  91%  reported  the  extremity  did  not  work  normally  (77%  specifying  pain  with 
ambulation).  Ninety-one  percent  report  function  adequate  to  enable  walking;  53%  required  daily  analgesia  for  their 
extremity  injury  and  32%  report  they  would  be  better  off  having  had  an  amputation.  Six  respondents  had  upper 
extremity  injuries  with  no  amputations,  100%  reported  neurologic  disability;  1  respondent  would  have  preferred 
amputation.  Overall  48%  of  the  cohorts  were  separated  with  disability  benefits  and  52  %  remain  active  duty  with  a 
profile.  CONCLUSION:  Results  from  this  study  demonstrate  that  patient-based  outcomes  following  extremity  vascular 
injury  are  limited  by  secondary  amputation,  pain  and  neurologic  dysfunction.  A  novel  QOL  questionnaire  aimed  to  better 
characterize  functional  limb  salvage  may  allow  correlation  between  in-theater  strategies  and  long-term  function. 
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Integrity  -  Service  -  Excellence 


Aims 


TRANS-ATL  AJVTIC 
OVERSEAS  FELLOWSHIPS 


*  Clinical  vignette  of  the  degree  that  battlefield  Combat 
Casualty  Care  is  integrated 

*  Discussion  of  the  rationale  for  integration  of  research 
and  the  role  overseas  fellowships  play 

*  Translation  of  the  principles  to  actual  experience  and 
outcomes  for  UK  residents  in  the  US  and  US  residents 
in  the  UK 


V  US/UK  combined  CCC 


San  Antonio,  Tx  USA 


23*5 


MRAP  hit  IED 
Injured  US 


Popliteal  artery 
injuries  with 
pulseless  legs 


CONUS  with  fellow- 
up  in  GWOT 
Vascular  Initiative 
(San  Antonio,  Tx) 


World  Class  Research  Translating  into  World  Class  Casualty 
Care 


Rationale  for  integrated 
**  CCC  research 


*  Almost  a  decade  of 
sustained  conflict 

*  US  and  UK  CCC 
reconfiguring  to  provide 
mutual  support 


♦  Both  face  a  common 
evolving  battlefield 


40 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  3_ Enroute  Care 


Rationale  for  integrated 
CCC  research 


Rationale  for  integrated 
CCC  research 


•  Historical  conflicts 
resulted  in  medical 
advances 


•  The  first  prolonged 
conflicts  in  the  era  of 
evidence  based  medicine 


•  Use  the  opportunity  to 
attain  the  greatest  benefit 


•  Maximum  benefit  is  to  be  gained  combining  research 
endeavors 

•  Defines  the  questions  and  streamlines  research 

4  Research  fellows  provide  the  focus  for  talent  on  both 
sides  of  the  Atlantic 


Rationale  for  integrated 
CCC  research 


Rationale  for  integrated 
CCC  research 


Two  countries  divided 
by  a  common  language, 
but  in  the  future  not 
definitions? 


Alignment  of  focus 
begins  with  research 


Fellows  can  provide 
contacts  in  their  own 
nation 


4  Fellowships  traditionally  mainly  benefitted  tire 
individual 


4  The  main  beneficiary  is  CCC 


4  How  can  we  qualify  that? 
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Clinical  output  UK  resident  in 
US  program 


Integrity  -  Service  -  Excellence 


My  experiences  working 
within  the  vascular 
research  group  at 
Wilford  Hall 

Started  October  2009  to 
complete  September 
2010 


QUALITY  OF  LIMB  SALVAGE  FOLLOWING  WARTIME 
EXTREMITY  VASCULAR  INJURY:  RESULTS  OF  A  NOVEL 
PATIENT-BASED  OUTCOMES  STUDY 


Surg  Lt  Cdr  Adam  Stannard  RN,  Capt  Gabe 
Burkhardt  USAF,  Barbara  Keltz,  Chantel  Porras, 
Rebecca  Ivatury,  Capt  Shaun  Gifford  USAF,  Lt  Col 
Todd  Rasmussen  USAF 


Clinical  output  UK  resident  in 
US  program 


*  On  return  to  the  UK 
plan  to  develop  a 
similar  system 

*  Increased  numbers 

*  Differences 

*  Comparison 


BATTLEFIELD  NON- 
—COMPRESSIBLE 


HAEMORRHAGE:  A 
CONTEMPORARY  EXPERIENCE 


Stannard  A,  Rasmussen  TE,  Williams  K, 
Midwinter  M, 

Tai  NR 

Academic  Department  of  Military  Surgery  &  Trauma 
Royal  Centre  for  Defence  Medicine 
Birmingham 

59th  MDW,  Lackland  AFB,  San  Antonio,  Texas 
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Discussion 


Assuming  equivalent  efficacy  of  a  pre-hospital 
non-compressible  haemorrhage  control 
intervention  to  tourniquet  in  pre-hospital 
management  of  compressible  haemorrhage, 
number  to  treat  to  save  a  mortality  is  3  in  the 
ISS  range  17-41 

Efficacy  will  not  be  equivalent,  but  due  to  low 
number  to  treat,  impact  is  still  likely  to  be 
significant 


\V  f 


Conclusion 


Non-compressible  injury  has  a  mortality  and  for 
most  medical  intervention  is  not  possible 

Potential  for  significant  intervention  in  a  minority 
of  casualties  if  earlier  hemorrhage  control 

Further  corroborative  analysis  is  required 
•  Extending  UK  dataset 


Applying  US  JTTR  to  address  non- 
compressible  haemorrhage 


i m  t 
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Clinical  output  UK  resident  in 
US  program  -  MD 


Clinical  output  UK  resident  in 
**’  US  program  -  MD 


•  In  the  UK  an  MD  is  a  higher  medical  degree  •  Basis  of  MD  has  2  parts 

based  upon  a  thesis 

•  Clinical  -  Quality  of  limb 

•  Usually  takes  2  years  in  the  UK  to  complete 

research  :  Completed  in  Wilford  Hall  in  less  .  Basic  science  -  Therapeutic  reperfusion 

than  1  year 

•  Benefit  is  high  degree  of  academic  scrutiny  and 
feedback  to  the  group 


Clinical  output  UK  resident  in 
US  program  -  MD 


Clinical  output  UK  resident  in 
***  US  program  -  Additional  output 


•  Delivery  of  pharmacological  agents  at  the  time 
of  reperfusion  to  reduce  the  effects  of  ischemia 
reperfiision  injury 

•  Erythropoietin  (EPO)  and  Statin  (Lovastatin) 

•  Aim  is  to  extend  period  before  irreversible 
damage  is  done 


•  Defining  torso  vascular  anatomy  to  produce  a 
nomogram-tape  for  fluoroscopy-free  aortic 
balloon  insertion 

•  Assisted  with  several  additional  protocols 
within  the  lab  and  manuscript  production 

•  Written  3  lab  based  protocols  and  2  clinical 
protocols  for  continuing  research 
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W  c  linical  output  (JK  resident  in 
v  US  program  -  Additional  output 


V  J  US  resident  fellowship  in 
▼  the  UK 


*  Facilitated  US  fellowship  to  the  UK 

*  Brought  some  new  ideas  to  the  OR 

*  Worked  to  perpetuate  fellowships  in  both 
directions 


Objectives: 

1.  Participate  in  the  United  Kingdom  trauma 
system  and  observe  UK  Combat  Casualty  Care 

2.  Continue  international  collaborative  efforts  to 
improve  Combat  Casualty  Care  research 

3.  Observe  physician  directed  pre-hospital  care 


CJ  US  resident  fellowship  in 
the  UK 


Ascju 

•RCDM 

Headley  *7‘- 
Courl 

,//  London/ 
MOST 


Military 

Surgery 


Association  of  Surgeons 
of  Great  Britain  and 
Northern  Ireland 
Royal  Centre  for 
Defence  Medicine 
Headley  Court 
Porton  Down 
The  Royal  London 
Hospital 
MOST 

Military  Surgery 


W  US  resident  fellowship  in 
V  the  UK  -  ASGBI 


Largest  UK  surgical 
conference  - 
international 

Defence  Medical 
Services  involvement 

Combat  Casualty 
Care  session 

Trauma  session 
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US  resident  fellowship  in 
*  the  UK  -  RCDM 


*  Receiving  hospital  for 
injured  UK  personnel 

*  Opportunities  to  see  and 
be  involved  wilh  UK 
continuing  care 

*  Academic  departments 

*  UKJTTR 


US  resident  fellowship  in 
***  the  UK  -  Headley  Court 


■  Centre  for  UK  military 
rehabilitation  (CFI) 

■  Presentations  transfer  of 
ideas 

■  Meeting  UK 
rehabilitating  service 
personnel 


US  resident  fellowship  in 
the  UK  -  Porton  Down 


W  US  resident  fellowship  in 
**  the  UK  -  Royal  London 


•  UK  military  centre  of 
biomedical  research 

•  Potential  for  reciprocal 
lab  based  research  in 
the  future 
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US  resident  fellowship  in 
the  UK  -  MOST  course 


♦  Military  Operational 
Surgical  Training 

♦  Part  of  pre-deployment 
training  for  UK  doctors 
involved  In  CCC 

♦  Held  at  the  Royal  College 
of  Surgeons  in  London  in 
partnership  with  Joint 
Medical  Command 


US  resident  fellowship  in 
v  the  UK  -  MOST  course 


US  resident  fellowship  in 
v  the  UK  -  MOST  course 


Multi-disciplinary,  multi- 
surgical  specialty, 
including  theatre  staff 

Scenario-based  cadaveric 
dissection  and  Simman 
3G  simulation 

Contemporaneous 
wounding  patterns 
updated  6/12 


*  Live  link  to  deployed 
surgical  team 

•  Cooperation  between 
academic  departments 
and  Royal  College 

♦  Mandatory  for 
deployment 

•  US  faculty  on  next 
course? 
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Summary 


Thank  you 


•  US  and  UK  CCC  is  increasingly  integrated 

4  Integration  of  research,  endeavors  focuses  talent  on 
clinical  problems  from  slightly  differing  perspectives 
strengthening  the  outcome 

4  Research  fellows  provide  a  physical  link  and  future 
resource  to  both  sides  of  the  Atlantic 


4  To  the  US  Air  Force  for  providing  the  opportunity 
4  MG  Travis 

4  Lt  Col  Rasmussen 
4  DrNiemeyer 

4  Fellow  residents  and  colleagues 


Questions? 


UK  Poster  US  Poster 
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Traveling  Fellowship  to  the  United  Kingdom  as  an  adjunct  to  general  surgical  research 
and  training 

59th  Medical  Wing  (MDW) 

Lt  Cdr  Adam  Stannard 


Military  medical  missions  spanning  two  mature  theaters  of  conflict  require  flexible  deployment  of  personnel  and  resources. 
International  collaboration  with  allies  operating  in  established  facilities  in  Iraq  and  Afghanistan  generates  synergy  in  patient 
management,  resource  utilization,  and  research  development.  The  impact  of  these  relationships  on  the  education  of  future 
physicians  and  surgeons  has  not  previously  been  described.  The  objective  of  this  traveling  fellowship  is  to  describe  the  utility  of  a 
brief  structured  orientation  to  military  medicine  and  research  within  the  United  Kingdom. 

Between  12  April  and  14  May  2010,  as  a  senior  general  surgical  trainee,  I  participated  in  an  exchange  with  the  United  Kingdom 
under  the  mentorship  of  several  senior  UK  military  consultants.  In  addition  to  presenting  our  group’s  research  at  two  international 
meetings,  I  was  invited  to  participate  in  the  Military  Operational  Surgery  Training  (MOST)  course.  I  completed  a  structured 
observership  at  the  Royal  London  Hospital  which  included  exposure  to  physician  driven  pre-hospital  health  care  delivery,  and 
operative  management  of  trauma  at  a  level  I  facility.  Injured  UK  troops  recovering  at  the  leading  military  rehabilitation  center  in 
the  UK  (Headley  Court)  were  interviewed,  as  were  physicians  involved  in  their  care  to  describe  functional  limb  salvage  using 
patient  based  outcomes  measures. 

A  brief  structured  exchange  within  the  UK  military  medical  system  serves  as  a  productive  and  meaningful  adjunct  to  my  military 
medical  education.  Research  collaboration  with  respect  to  quality  of  limb  outcomes  may  enable  a  more  comprehensive 
assessment  of  the  impact  of  surgical  interventions  following  severe  extremity  injuries. 
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Integrity  -  Service  •  Excellence 


QUALITY  OF  LIMB  SALVAGE  FOLLOWING  WARTIME 
EXTREMITY  VASCULAR  INJURY:  RESULTS  OF  A  NOVEL 
PATIENT-BASED  OUTCOMES  STUDY 


Surg  Lt  Cdr  Adam  StannardRNf,  Capt  Gabe  Burkhardt 
USAP,  Barbara  Keltz,  Chantel  Porras,  Rebecca  Ivatury; 
Capt  Shaun  Gifford  USAF,  Lt  Col  Todd  Rasmussen  USAF 


Background 


niilii 


Extremity  trauma  dominates  in 
contemporary  conflicts 

Enhanced  battlefield 
survivability  relative  to  historic 
comparators 

Burden  of  extremity  injury  and 
its  long  term  sequelae  are  high 
to  individuals  and  health 
providers 


Background 


Background 


#  Traditio naily  limb  outcome  endpoints  have 
focused  on  amputation  rates 


Limb  Salvage 

Setting 

DeBakey 

46% 

World  War  II 

Hughes, 

>80% 

Korea  to 

Rich  et  al 

Vietnam 

D’Sa 

>90% 

Northern 

Ireland 

Type  of 
amputation 

Definition 

Traumatic 

Amputation  as  a  direct  result  of  the 
mechanism  of  injury,  at  the  time  of 

injury 

Primary 

Amputation  performed  at  initial 
surgical  assessment/intervention 

Secondary 

Any  amputation  performed  following  a 
surgical  decision  for  limb  salvage 
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Background 


Background 


Type  of 

Definition 

amputation 

Primary 

Limb  Salvage  85% 

Secondary 

Limb  salvage  78% 

•  Is  limb  salvage  rate  the  best  measure  of 
outcome  success  in  limb  threatening  vascular 
injury? 


Background 


Background 


What  is  the 
burden  of  limb 
salvage? 


Complications 


□= 


•  Recent  shift  in  emphasis  to  functional  limb 
salvage  rather  than  anatomical  limb  salvage 

•  Adjuncts  to  traditional  techniques  for  early 
restoration  of  blood  flow  such  as  Temporary 
Vascular  Shunts  are  being  increasingly  used  to 
improve  functional  limb  salvage 
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Background 


Background 


But... 


Background 


Background 


•No  mechanism  to  assess  the  quality  of 
functional  limb  salvage  in  combat  casualties 
with  limb  threatening  vascular  injury 


•  Questionnaires  exist  to  assess  quality  of  life  and 
limb  function 

•  Short  Form  36 

•  Venous  Insufficiency  (CIVIQ)  and  Lower  limb 
Ischemia 

•  Musculoskeletal  Functional  Assessment 
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Objectives 


Methods: 

The  GWOTVI  Database 


•  Develop  a  performance 
improvement  system 


•  Detailed  vascular  database 

•  Quality  of  limb  questionnaire 

•  Assess  quality  of  life  in  limb 
threatening  vascular  injury 


•  Basis  of  casualty 
identification  is  the 
Joint  Theater  Trauma 
Registry,  held  at  the 
ISR 

•  Key  staff  are  the 
vascular  nurse 
specialists  who  staff 
the  GWOTVI 


Methods: 

The  GWOTVI  Database 


Methods: 

Quality  of  Limb  Questionnaire 


•  Casualties  added  as  specific  clinical  project 
searches  have  been  set  up 

•  Electronic  records  mined 

•  Patient  contact  established 


•  Novel  questionnaire 

•  21  questions 

•  Covering: 

•  Limb  Status 

•  Pain 

•  Functional  impairment 

•  Limb  Satisfaction 
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Methods: 

Quality  of  Limb  Questionnaire 


•  Administered  with  SF-36  to  casualties  on  the 
GWOTVI  database  injured  between  2002  -2009 


Results  -  Response  Rate 


267  extremity 
vascular  injuries 


C Contact  made^X 
(n=161;  60%)^/ 


•  Postal,  Telephonic  and  Electronic  methods  of 
administration 


Data  From:  GWOT 
Vascular  Initiative 


Median  time  injury 
to  survey  =  47  mo 


Results  -  Amputation  rate 


Amputation  Free  Survival  Following  Wartime  Extremity  Vascular 
Injury  (mean  follow-up  47  mo) 


At  risk  <>5 


Results  -  Limb  injuries 


•  Lower  limb  80%  •  Upper  limb  20% 

•  Limb  salvage  78%  •  Limb  salvage  100% 

•  Reasons  contributing 
to  amputation 

•  Vascular  6 

•  Infection  6 

•  Bone  7 

•  Neurological  6 
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Results  -  Limb  injuries 


Results  -  Lower  limb  injuries 


Bone  injury  Nerve  injury 


Secondary 

Amputation 

Fracture 

81 

% 

No 

19 

Fracture 

% 

Salvage 

Fracture 

49 

% 

No 

51 

Fracture 

% 

Secondary 

Amputation 

Nerve 

Injury 

24 

% 

No  Nerve 

76 

Injury 

% 

Salvage 

Nerve 

41 

Injury 

% 

No  Nerve 

59 

Injury 

% 

♦  91%  of  those 
with  salvaged 
lower  limbs 
reported  the 
limb  was  not 
normal 


Bone  problems 
Rest  pain 

Weakness 

Reduced 

sensation 

Pain  walking 


p=0.012 


p=0.14 


0%  20%  40%  60%  80%100% 


Results  -  Lower  limb  injuries 


Results  -  Upper  limb  injuries 


•  95%  reported  function  sufficient  to  walk 

•  67%  require  daily  pain  medications 
(33%  in  lower  limb  amputees) 

•  27%  felt  that  they  would  be  better  off  with  an 
amputation  and  prosthesis 


89%  of  those 
with  salvaged 
limbs  reported 
the  limb  was 
not  normal 


Bone  problems 
Pain 

Weakness 


Reduced 

sensation 


33% 


0%  10%  20%  30%  40% 
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Results  -  Upper  limb  injuries 


Results  -  Scores 


•  84%  reported  being 
able  to  use  their 
arm  in  some  way 

•  28%  require  daily 
pain  medication 

•  21%  better  off  with 
an  amputation  and 
prosthesis 


84% 

|  84% 

0%  20%  40%  60%  80%  100% 


Score/Gro 

up 

Overall 

(Mean) 

Limb 

Salvage 

(Mean) 

Amputee 

(Mean) 

Limb 

Salvage 

Vs 

Amputee 

ISS 

Injury  Severity 
Score 

16.7 

16.0 

19.6 

p=0.12 

MESS 

Mangled 

Extremity  Severity 
Score 

5.2 

5.0 

5.7 

p=0.15 

SF-36 

Physical 

42.1 

41.9 

43.1 

p=0.53 

SF-36 

47.6 

46.3 

52.6 

p=0.07 

Mental 


Results  -  SF-36  Physical 


V  Results  -  SF-36  Mental 


■  Limb  Salvage 
Amputation 


Role-  Vitality  Mental  Social  Composite 
Emotional  Health  Function  Score 


p  =  0.009 


■  Limb  Salvage 
Amputation 


General  Physical  Role-Physical  Bodily  Pain  Composite 

Health  Function  Score 


N=99 


N=99 
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Results  -  SF-36  correlations 


Discussion 


•  Injury  Severity  Score  (ISS)  does  not  correlate 
with  SF-36  Quality  of  Life  in  this  series 

•  Mangled  Extremity  Severity  Score  (MESS)  has 
a  weak  correlation  with  SF-36  Mental 
Composite  Score  in  this  series 


•  The  most  common  injury  pattern  on  the 
battlefield  is  to  the  extremities 

•  The  overall  injury  severity  and  limb  specific 
injury  severity  reaching  surgical  intervention  is 
greater  than  in  previous  conflicts 

•  Of  all  extremity  injuries,  it  is  those  with  a 
vascular  component,  which  provide  the  greatest 
opportunity  for  impact  on  outcome 


Discussion 


Discussion 


•  Amputation  rates  are  similar  to  previous 
conflicts  and  close  to  the  best  civilian  series 

•  We  can  clearly  define  the  secondary  amputation 
rates,  their  temporal  nature  and  indication 

•  A  system  which  allows  us  to  look  beyond  crude 
amputation  statistics  has  been  developed  to 
better  assess  outcome 


•  Limb  salvage  is  not  a  panacea  for  extremity 
trauma,  for  some  there  is  a  price  to  pay  “The 
Burden  of  Limb  Salvage” 

•  At  what  level  does  the  “cost”  of  limb  salvage 
exceed  its  benefit? 
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Discussion 


Discussion 


•  The  bar  that  limb  salvage  must  clear  is  the 
quality  of  Life  and  Limb  afforded  by 
amputation 


Discussion 


Discussion 


Currently  there  is 
parity  on  the  whole 

Some  trends  in  favor 
mentally  towards 
amputation 

Nothing  clearly 
significant 


•  We  are  pushing  to  improve  outcomes  from  limb 
salvage  through  mitigation  of  ischemia- 
reperfusion  injury 

•  There  is  also  the  challenge  of  limb  re¬ 
implantation  to  be  addressed  in  the  future 
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Summary 


Questions 


♦  For  the  first  time  in  the  history  of  conflicts  there  is  a 
comprehensive  process  to  identify  casualties  with  limb 
threatening  vascular  injury  and  follow  up  their 
outcome 


•  Initial  phase  of  development,  but  is  already  providing 
previously  unattainable  feedback 

*  Through  continued  development  and  expansion  the 
legacy  for  future  generations  of  injured  service 
personnel  is  tangible 
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Enhancement  in  Communication  of  Performance  Improvement  Events  within  a  Global 
Military  Trauma  System 

Landstuhl  Regional  Medical  Center 
Kathleen  Martin 


LRMC  is  the  first  military  hospital  outside  the  combat  zones  of  Iraq  (OIF)  and  Afghanistan  (OEF)  and  concurrently  indentifies 
performance  Improvement  (PI)  events/  complications  (E/C)  related  to  downrange,  enroute,  and  interfacility  care.  E/C  identified  in 
transit  between  OIF/OEF-LRMC-USA  for  evacuees  accompanied  by  Critical  Care  Air  Transport  Teams  (CCATT)  are  referred  to 
the  CCATT  Pilot  Unit.  Aeromedical  (AE)  E/C  are  referred  to  the  Air  Force  AE  system  PI  Director,  enhancing  communication 
between  ground  and  flight  providers.  Urgent  issues  are  communicated  verbally  and  weekly  aggregate  reports  are  sent  to  Joint 
Theater  Trauma  System  (JTTS)  downrange,  CCATT  and  AE  liaisons.  In  2008,  1230  patients  arrive  to  LRMC;  313  via  CCATT 
and  724  via  AE.  PI  E/C  were  captured  concurrently  and  entered  in  the  trauma  registry  by  the  Trauma  Coordinators.  There  were 
148  (12%)  E/C  identified  and  referred  to  JTTS;  28  (5%)  to  CCATT:  15  (<1%)  to  AE.  In  2009,  1 191  patients  arrive  to  LRMC;  299 
via  CCATT  and  813  via  AE.  There  were  337  (28%)  E/C  identified  and  referred  to  the  JTTS;  34  (7%)  to  CCATT;  11  (<1%)  to 
AE.  Communication  of  E/C  occurred  daily  via  secure  DSN  phone  lines,  encrypted  email  and  video-teleconferencing. 
Communication  of  PI  E/C  is  a  challenge  due  to  varied  provider  demographics,  multi-service/national  providers,  distance  across  3 
continents,  and  in  the  complexity  of  effective  PI.  LRMC  is  the  epicenter  for  bidirectional  communication  and  utilizes  technology, 
trauma  Pi/registry  taxonomy  in  all  interfaces  despite  distances  and  diversity,  to  leverage  enhancements.  This  is  an  ideal  arena  to 
employ  a  true  inclusive  trauma  system. 
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ENHANCEMENTS  IN  COMMUNICATION  OF 
PERFORMANCE  IMPROVEMENT  EVENTS 
WITHIN  A  TRI-CONTINENT  MILITARY 
TRAUMA  SYSTEM 


Kathleen  Martin,  MSN,  RN 
Trauma  Program  Nurse  Director 
Landstuhl  Regional  Medical  Center,  Germany 
Joint  Theater  Trauma  System 


Background 


United  States  Army  Hospital 
Landstuhl,  Germany 

1955 


Landstuhl  Regional  Medical 
Center,  Germany 

2006 


Continuous  Enroute  Care 

Evacuation  Center  for 
CENTCOM,  AFRICOM,  PACOM,  EUCOM 
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Goal  of  Communication  in  PI: 
Improve  Care  and  Outcome 


Investigation 

and 

Validations 


Feedback 
to  Referring 
Facility 


Resolution 
Loop  Closure 
Re-Education 


Turnover 
Lessons  Learned 
.  +  Outcomes  . 


Communication 

And 

.Corrective  Action^ 


Development 
Of  a  New 
CPG  or  Policy 


Communication  along  the  Military 
Continuum  of  Combat  Care 

•  LRMC  is  the  epicenter  for  bidirectional 
communication  of  clinical  information 

•  LRMC  utilizes  technology,  trauma 
performance  improvement,  trauma  registry 
taxonomy  in  all  interfaces 

•  Challenges  of  distances  and  diversity  are 
managed  to  leverage  enhancements. 

•  This  is  an  ideal  arena  to  employ  a  truly 
inclusive  trauma  system 


Communication  along  the  Military 
Continuum  of  Combat  Care 

•  LRMC  is  the  only  echelon  IV  military 
evacuation  hospital  outside  the  combat 
zones  of  Iraq  (OIF)  and  Afghanistan  (OEF) 

•  LRMC  concurrently  indentifies 
performance  improvement  (PI) 
events/complications  (E/C)  related  to 

•  Downrange 

•  Enroute  care 

•  Interfacility  care 
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Events 

•  ‘Events'  may  be  system  or  process  related 

•  Defined  across  the  continuum 

•  Lack  of  documentation/films  not  available 

•  Compartment  release  not  adequate 

•  C-spine  not  evaluated 

•  Post  splenectomy  immunizations  not  given 

•  Variance  from  JTTS  practice  guidelines 

•  Missed  injuries/delay  in  diagnosis 

•  Burn  flow  sheet  not  utilized 

•  Trauma  team  not  activated  from  flight 


Complications 

•  Complications  are  patient  specific 

•  Defined  across  the  continuum 

♦  DVT 

♦  PE 

♦  Coagulopathy 

♦  Aspiration  pneumonia 

♦  Sepsis 

♦  Coagulopathy 

♦  VAP  vs  CrAP 

♦  Wound  infections 


Lessons  Learned 
Continuous  Communication 


TMDS,  BHIE  and  Encrypted  email 
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Joint  Theater  Trauma  System 

Performance  Improvement 

Practice  Guidelines.  Consistent  Documentation  Tools 


Assessment,  Communication  and  Data  Collection/Analysi s 


Monitor,  Educate  and  Improve  Outcomes 


Echelon  Mb  Echelon  I 


Echelon  IV  Echelon  V 


Salvage 
Surgery  or 
Definitive 
surgery 


Landstuhl, 

Germany 

Definitive 
Surgery  & 
Optimize 
for 

evacuation 


USA- 

Definitive 

Care 

Average  4 
days  for 
wounds, 
can  be 
only  24  to 
36  hours 


Monthly  Trauma  Admissions 
by  Facility  Downrange 


Admissions:  3 -Month  Snapshot 


Bagram  Kandahar  Bastion 
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Methods 

•  Communication  of  events  and  complications 
occur  daily  via  secure  DSN  phone  lines, 
encrypted  email  and  video-teleconferencing 

•  Aggregate  reports  are  sent  weekly  to  all  3. 

•  Communication  of  PI  events  and 
complications  is  a  challenge  due  to  varied 
provider  demographics,  multi-service/national 
providers,  distance  across  3  continents,  and 
in  the  complexity  of  effective  PI 


2008  Results 

•  1230  patients  arrived  to  LRMC 

•  313  via  CCATT  and  724  via  AE 

•  PI  E/C  were  captured  concurrently  and  entered 
in  the  trauma  registry 

•  148  (12%)  E/C  identified  and  referred  to  JTTS 

•  28  (5%)  E/C  identified  and  referred  to  CCATT 

•  15  (<1%)  E/C  identified  and  referred  to  AE 


2009  Results 

•  1191  patients  arrived  to  LRMC 

•  299  via  CCATT  and  81 3  via  AE 

•  PI  E/C  were  captured  concurrently  and  entered 
in  the  trauma  registry 

•  337  (28%)  E/C  identified  and  referred  to  JTTS 

•  34(7%)  E/C  identified  and  referred  to  CCATT 

•  1 1  (<  1  %)  E/C  identified  and  referred  to  AE 


2008 

2009 

LRMC  Admissions 

1230 

1191 

Inbound  CCATT 

313 

299 

Outbound  CCATT 

252 

176 

Inbound  AE 

724 

813 

Outbound  AE 

947 

850 

Events  Complications  Referred  to  JTTS 

148(12%)  337  (28%)  1 

Events  Complications  Referred  to  CCATT  28  (5%) 

34  (7%) 

Events  Complications  Referred  to  AE 

15  (<1%) 

11  (<1%) 

Right  Patient,  Right  Care,  Right  Place,  Right  Time 
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Lessons  Learned 

Bum  Flowsheet 

•  Burn  Care 

•  Post  implementation 

•  Revised  Guidelines- 

of  burn  flow  sheet 

Combat  related 

•  Incidence  of  abdominal 

•  Single  standard 

compartment 

•  Burn  flow  sheet 

syndrome:  30%  to  13% 

•  Mortality  41  %  to  1 8% 

•  Emergency  War 

Surgery  course 

•  Weekly  VTC-  PI  1  :l 

Lessons  Learned 
mild  Traumatic  Brain  Injury 

•  Traumatic  Brain  Injury 

*  Outpatient  Screening 
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Local  Hemostatic  Agents  in  a  Survival  Model  of  a  Lethal  Porcine  Liver  Injury 

86th  MDS 

Maj/Dr.  Bradley  Putty 


Rapid  control  of  bleeding  presents  a  major  challenge  in  the  severely  injured  trauma  patient  who  may  present  with  hypothermia 
and  coagulopathy.  Uncontrolled  bleeding  is  the  leading  cause  of  combat-related  death.  The  liver  is  the  most  commonly  injured 
solid  organ,  and  high  grade  injuries  are  difficult  to  treat.  When  the  bleeding  is  resistant  to  standard  techniques  of  control,  the 
surgeon  may  be  aided  by  the  use  of  advanced  topical  hemostatic  agents.  The  long  term  efficacy  and  safety  of  using  such 
materials  on  the  liver  is  unknown. 

A  survival  model  of  a  lethal  liver  injury  in  swine  was  employed  to  test  commercially  available  advanced  hemostatic  agents 
against  standard  gauze  dressing  to  determine  if  their  use  results  in  a  durable  decrease  in  blood  loss  and  mortality.  Following 
induction  of  hypothermia  and  a  controlled  35%  hemorrhage,  the  animals  received  a  standardized  grade  IV  liver  injury.  They  were 
randomized  to  receive  packing  with  plain  gauze  either  alone  or  with  a  hemostatic  agent  (Celox(tm),  Celox(tm)  Gauze,  or 
QuikClot®  COMBAT  GAUZE(tm)-the  only  topical  hemostatic  currently  approved  in-theater),  with  blood  loss  measured  after  1 5 
minutes  and  2  days  at  repeat  operation.  Observation  continued  for  two  weeks  before  sacrifice  with  histologic  evaluation  for 
delayed  effects  on  the  liver  and  other  major  organs. 

Of  the  agents  tested,  Celox(tm)  and  Celox(tm)  Gauze  were  associated  with  the  greatest  48  hour  and  2  week  survival,  while 
Combat  Gauze(tm)  was  associated  with  the  highest  mortality  at  48  hours  and  2  days.  Celox(tm)  appears  to  be  associated  with 
adhesion  formation . 
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LOCAL  HEMOSTATIC  AGENTS  IN  A 
SURVIVAL  MODEL  OF  A  LETHAL 
PORCINE  LIVER  INJURY 


Maj  Bradley  Putty,  MD;  Kenji  Inaba,  MD;  Bernardino  Branco,  MD; 
Galinos  Barmparas,  MD;  Demetrios  Demetriades,  MD,  PhD 


Landstuhl  Regional  Medical  Center 
University  of  Southern  California 
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Uncontrolled  Bleeding  is  a  Major 
Cause  of  Preventable  Death 


69 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  3_ Enroute  Care 


*  Combat  Cause  of  Death 
(OIF/OEF) 

80%  preventable  mortality 
caused  by  hemorrhage 
•  V2  truncal  source 


S,.on 


Ibe  Jonrmd  oj  TRAUMA’  Injun.  Infer  lion,  and  Critical  tin 

ng 

Dressing:  Experience  m  Current  Conjhnt  Operations 

fan  Wedmen  UD  him  C  McMcmnr  Iii>±J,l  PhD,  and  Joint  it  Hokamth  ft in 

Comparison  of  Hemorrhage  Control  Agents  Applied  to  Lethal 
Extremity  Arterial  Hemorrhages  in  Swine 

Era  M.  Acheson.  MU.  Bijan  S.  Kheirabadi.  PhD.  Rodolfo  DcRuzman.  MS.  Eduard  J.  Dick  Jr..  DVM.  and 
John  B.  Holcomb.  Ml) 

Comparison  of  a  New  Hemostatic  Agent  to  Current  Combat 
Hemostatic  Agents  in  a  Swine  Model  of  Lethal  Extremity 
Arterial  Hemorrhage 

Enin  R.  Ward.  Ml).  M.  Itaiitm  lib n.  MIX  William  II.  Ilidbrn.  MS,  Char  In  R  llhn  her.  BS.  Cnrrunl  T.  Dnimier, 

E.  Kalr  Proflm.  lion  I.  Ron  tin.  PhD.  Run  R  bulun.  MIX  and  Robert  A  Diegehmmn,  PHD 
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Application  of  a  Granular  Mineral-Based  Hemostatic  Agent 
(QuihClot)  to  Reduce  Blood  Loss  Alter  Grade  V  Liver  Injury 
in  Swire 
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Affect  of  Altitude  on  Extremity  Compartment  Syndrome  (ECS) 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/FEEH 
Dr.  John  Kalns 


INTRODUCTION:  ECS  is  believed  to  be  exacerbated  by  hypobaric  conditions  during  AE  evacuation  but  scientific  evidence 
supporting  this  claim  does  not  exist.  METHODS:  ECS  was  initiated  in  the  pig  by  placement  of  a  balloon  catheter  between  the 
tibia  and  the  tibialis  anterior  muscle  of  the  hind  limb.  Inter-Compartmental  Pressure  (ICP)  greater  than  Mean  Arterial  Pressure 
was  maintained  for  5  or  6  hours  and  then  reduced  and  pigs  monitored  for  8  hours.  In  some  cases  pigs  were  exposed  to  hypobaric 
conditions  equivalent  to  7,000  feet  elevation  after  injury.  RESULTS:  After  injury  ICP’s  increased  for  2  hours  and  then  stabilized 
at  an  elevated  value  associated  with  ECS.  Five  hour  injury  (n=10)  produced  ICP’s  that  meet  compartment  syndrome  criteria, 
MAP-ICP<  45  mm-Hg,  30%  of  the  time  whereas  6h  injury  (n=10)  produced  ECS  criteria  100%  of  the  time.  This  finding  suggests 
that  there  is  a  critical  threshold  for  ECS.  Histological  assessment  of  muscle  demonstrated  edema,  necrosis  and  extensive 
neutrophilic  infiltrate  in  limbs  with  elevated  post- injury  ICP’s.  Immunohistochemistry  showed  the  presence  of  the  redox  stress 
product  3-nitrotyrosine  in  severely  injured  muscle.  Myoglobin  in  plasma  was  elevated  10-  fold  in  pigs  that  experienced  increased 
ICPs.  Altitude  exposure  after  injury  has  no  effect  on  ICP  or  muscle  pathology.  Inflammatory  cytokines  are  elevated  however. 
Conclusion:  We  have  shown  that  ECS  with  features  similar  to  those  observed  in  AE  patients  can  be  produced  in  the  pig.  Future 
studies  will  examine  the  impact  of  hemorrhage/resuscitation  and  pharmacologic  agents  on  ECS  in  the  AE  environment. 
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Affect  of  Altitude  on  Extremity 
Compartment  Syndrome  (ECS) 


John  Kalns,  Ph.D.  (contractor) 
USAFSAM/FEEH 


Every  Airman  a  Force  Multiplier 
August  2010  AFMS  Research  Symposium 


Objectives 


Every  Airman  a  Farce  M  uliiplier 


v  Develop  a  clinically  relevant  model  of  ECS 
v  Determine  if  altitude  exposure: 
v  Increases  incidence  of  ECS. 
v  Increases  severity  of  injury, 
v  Teaching  objectives: 

v  Definitions  of  compartment  syndrome, 
v  Observations  made  in  an  animal  model, 
v  Pathological  features, 
v  Effect  of  altitude  exposure  on  compartment 
syndrome. 


What  is  ECS? 

■  Every  Airman  a  Farce  Multiplier  I 


Definition  of  ECS 


(teaching  objective) 

Every  Airman  a  Farce  Multiplier 


v  Pressure  within  the  fascia-limited  compartments  of  a 
limb  increases  to  a  point  that  microcirculation  and 
tissue  perfusion  is  compromised, 
v  Secondary  to  physical  trauma  such  as  bone  fracture 
or  crush  injury,  tourniquet  or  muscle  overexertion, 
v  Theory:  Positive  feedback  cycle  where  inflammation 
drives  edema  and  hypoxia  which  causes  more 
inflammation. 

v  End  state:  Prolonged  hypoxia  leading  to 
myonecrosis,  nerve  damage  and  long  term 
disability. 


v  Difference  in  pressure  between  Mean  Arterial  Blood  Pressure  (MAP) 
and  Pressure  Measured  in  the  Compartment  (ICP)  falls  below 45mm 
Hg. 

v  Stated  mathematically:  ICP-MAP  <45  mm  Hg. 
v  References 

v  Use  of  ICP:  McQueen  MM,  Court-Brown  CM.  Compartment 
monitoring  in  tibial  fractures.  The  pressure  threshold  for 
decompression.  J  Bone  Joint  Surg  Br.  1996;  78:99-104. 
v  ECS  during  current  deployments:  Ritenour  AE,  Dorlac  WC,  Fang  F, 
et  al.  Complications  after  fasciotomy  revision  and  delayed 
compartment  release  in  combat  patients.  J  Trauma.  2008; 
64(Suppl):S1 53-1 61 . 
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Animal  Model  of  ECS 

[.wry  Airman  a  ho  ret  Multiplier 


Balloon  Model 

■  Every  Airman  a  Force  Multiplier  ■ 


v  Anesthetic  GKX  (guaifenesin  0.05  g/ml,  ketamine  0.01  g/ml  and 
xylazlne  0.01  g/ml )  administered  at  a  rate  of  2.5  ml/kg/hr 
through  the  venous  line  installed  in  the  ear. 
v  Balloon  Injury  made  by  placing  an  angioplasty  balloon  between 
the  tibia  and  tibialis  anterior  muscle, 
v  4-6h  of  balloon  injury  (pressure  20mm  greater  than  MAP) 
followed  by  8h  observation  at  altitude  or  ground  then 
euthanasia. 

v  MAP  is  measured  by  a  pressure  transducer  placed  in  the 
carotid  artery. 

v  ICP  is  measured  by  placing  a  TwinStar  pressure  transducer 
into  the  muscle  compartment. 


Positioning  of  angioplasty  balloon  and  pressure 
transducer.  A  blunt  plastic  trocar  Is  inserted  at 
A  and  carefully  pushed  between  the  tibia  and 
the  overlying  anterior  mutde  compartment  to 
axil  at  S  An  angioplasty  balloon  Is  then 
attached  to  the  trocar  and  drawn  Into  position 
beneath  the  central  portion  of  the  muscle 
compartment.  Saline  to  inflate  the  balloon  is 
supplied  through  C  The  pressure  transducer  is 
positioned  via  a  catheter  inserted  at  0  such 
that  the  recording  tip  of  the  transducer  Is 
located  near  the  center  of  the  tibialis  anterior 
muscle  approximately  1  cm  below  the  skin 
surface  {indicated  by  asterisk).  C  indicates  the 
location  of  the  anterior  muscle  compartment, 
outlined  on  the  skin  to  aid  in  positioning 
instruments. 


Data  and  Biosamples 

Every  Airman  a  Force  Multiplier 


Schedule  for  Samples 

Every  Urman  a  Force  Multiplier 


v  MAP  and  ICP  pressures 
v  Systemic  02  saturation 
v  Blood  myoglobin  levels  (evidence  of  muscle 
destruction) 

v  Muscle  pathology  and  immunohistochemistry  of 
sections. 


Adtninisiof  GKX  End  of  Injuty  Euthanasia 


In 

soil  Balloon  Balloon 

5  or  6  Hrs 

Removal  Colled  U 

8  Hrs 

Insde 

Injuiy  Peoiod 

Observation  Petiod 

1  2  3  4  5  S  7  8  9 

Blood  Collodions 
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Results,  ICP  at  Ground 

Every  Airman  a  Force  Multiplier 


Results,  ICP-MAP  at  Ground 

Every  Airman  a  Force  Multiplier 


100 


-®-6h 


Time  (hours) 


Results,  Histopathology  at 
Ground 

Every  Airman  a  Force  Multiplier  - . . 


Results,  Histopathology 
Summary  at  Ground 


l  Every  Airman  a  Force  Multiplier  l 


Histopathology  of  muscle 
injured  for  6h  and 
collected  8h  after.  Panel 
A,  muscle  showing  areas 
of  severe  injury  (arrows) 
separated  by  uninjured 
tissue  (center).  Panel  B, 
neutrophilic  infiltrate  in  a 
severely  injured  region  of 
muscle.  Panel  C, 
Significant  muscle 
degeneration  as  shown  by 
hyalinization  in  fiber  cross 
sections.  Panel  D, 
uninjured  control  muscle. 


Category 

5h 

SD 

6h 

SD 

P 

Muscle  Degeneration 

0.77 

0.61 

2.1 

0.70 

<0.001 

Muescle  Necrosis 

0.17 

0.24 

0.333 

0.35 

0.231 

Edema 

0.33 

0.31 

1.10 

0.75 

0.012 

Hemorrhage 

0.07 

0.21 

0.67 

0.44 

0.002 

Mineralization 

0.20 

0.28 

0.17 

0.18 

0.754 

Thrombi 

0.07 

0.14 

0.53 

0.53 

0.021 

Neutrophilic  infiltrate 

0.33 

0.35 

0.88 

0.50 

0.011 

12 
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Myoglobin  at  Ground 

Every  Airman  a  Force  Multiplier 


0 

0 


No  ECS 
ECS 


Time  (hours) 


N= 3  for  ECS  and  No  ECS  groups.  Samples  after  balloon 
release.  Values  of  all  prior  to  balloon  release  <100  ng/ml 


Results  at  Ground  Summary 

Every  Airman  a  Force  Multiplier 


v  All  or  nothing  response  to  injury.  ECS  pressures 
are  not  much  different  between  5  or  6h  injury, 
v  Incidence  of  ECS  following  5h  only  30%  versus 
100%  following  6h  injury, 
v  Histopathology  shows  increased  neutrophils, 
degeneration,  edema.  Multi-focal  showing  a  mixture 
of  affected  muscle  bundles  next  to  ones  that  are 
minimally  affected. 

v  Myoglobin  in  blood  supports  greater  extent  of 
necrosis  in  ECS  limbs  compared  to  non-ECS  limbs, 
v  Immunohistochmistry  for  iNOS  and  3-nitrotyrosine 
do  not  show  significant  differences  between  ECS 
control. 
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Comparison  of  ICP  Altitude 
_  vs.  Ground  _ 

-  Every  Airmiot  a  Force  Multiplier 


5* 


V 

❖ 


There  are  some  differences 
_  in  ICP  _ 

Every  Airman  a  Force  Multiplier 


Altitude  Ground 


Is  the  difference  statistically  significant? 


Ground 

Altitude 

p-value 

Time  to  Peak  (h) 

1.650  (0.285) 

2.575  (2.202) 

0.222 

Peak  ICP  (mm-Hg) 

57.8(11.5) 

32.6(14.6) 

0.004 

AUC  ICP  (mm-Hg*h) 

94.2  (23.5) 

49.6  (25.2) 

0.009 

Altitude  has  significantly  lower  peak  ICP  and  lower  AUC  ICP. 
Suggests  that  muscle  exposure  to  high  pressure  is  reduced. 
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But  altitude  makes  no 
difference  in  incidence 


Every  Airman  a  Force  M idtiptier 


Altitude  vs.  Ground: 


Signaling 

Every  Airman  a  Force  M uUtplier 


V  5h  Injury,  Altitude,  4/16  ECS  (25%)  versus  3/10  ECS 
(30%)  at  Ground. 

v  Diagnosis  is  made  on  the  basis  of  pressure 
determination.  What  about  the  transducer? 
v  Q:  Does  it  measure  the  same  at  altitude  as  on 
ground?  A:  YES.  Part  of  another  report, 
v  Q:  What  about  MAP  and  other  systemic  effects 
contributing  to  ECS?  A:  MAP-ICP  is  actually  less  at 
altitude  meaning  that  altitude  should  have  little  effect 
if  pressure  is  all  that  is  important. 


17  18 


Normobaric 

(n=10) 

Hypobaric 

(n=22) 

p-value 

FGF 

0.175(0.1 64) 

0.202  (0.1 56) 

N.S. 

IGF-1 

0.232  (0.028) 

0.979(0.301) 

0.001 

TNF  alpha 

0.377  (0.1 73) 

0.601  (0.091) 

0.003 

IL-6 

0.788  (0.628) 

2.966(0.231) 

0.001 

11  1  beta 

0.385  (0.048) 

0.363(0.021) 

N.S. 

IGF-BP4 

3.621  (0.359) 

4.022  (0.308) 

0.004 

IGF-BP5 

1.644  (0.1 58) 

01.648  (0.287) 

N.S. 

BMP-4 

1.817(0.705) 

2.612(1.442) 

0.039 

N02 -Tyrosine 

169.7  (1 6.6) 

194.3(10.5) 

0.001 

TGF-B2 

0.188  (0.1 59) 

0.109  (0.169) 

N.S. 

N02/N03 

91 .1  (53.5) 

73.5(15.1) 

N.S. 

Signals  Interpreted: 
Inflammation 

Every  Airman  a  Force  Multiplier 


Signal  Interpretation:  Wound 
repair 

Every  Airman  a  Force  M  nil  ip  Her 


v  inflammation  INCREASED  in  altitude  exposed 
muscle  both  injured  and  control, 
v  Increased  11-6  and  TNF,  early  mediators  in  control  and 
injured  tissue. 

vNo  difference  in  TNF  expression  between  ECS 
limbs  (altitude  vs.  ground), 
v  Increased  redox  product  nitrotyrosine  at  altitude, 
v  Early  inflammation  proceeds  more  rapidly  at  altitude 
or  response  is  more  robust.  Can’t  tell, 
v  We  don’t  know  if  muscle  is  expressing  or  immune 
cells. 


v  Wound  repair  INCREASED  in  altitude  exposed 
muscle. 

v  IGF-1,  IGF-BP4,  BMP-4  all  increased  at  altitude  both  in 
control  and  injured  muscle, 
v  BMP-4  is  significantly  increased  in  ECS  muscle 
compared  to  uninjured. 

v  Earlier  response  or  altered  response?  Can’t  say. 
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Histopathology:  No 
difference 

■■^^B  Every  Airman  a  Farce  Multiplier  ^^^^B 


❖ 


Conclusions 


Every  Airman  a  Force  M vltiplier 


v  No  difference  attributable  to  altitude  exposure, 
v  Difference  between  ECS  and  non-ECS  at  altitude  the 
same  as  ground. 


v  Threshold  injury  model  for  ECS  established, 
v  ECS  CAUSES  increased  incidence  of  degeneration, 
necrosis,  edema,  neutrophil  infiltration  and 
myoglobin  release. 

v  ECS  CAUSES  diffuse  multi-focal  injury, 
v  Altitude  DOES  NOT  INCREASE  incidence  of  ECS  or 
severity  of  pathology. 

v  Altitude  INCREASES  expression  of  inflammation  and 
wound  healing  signals  in  uninjured  and  injured 
tissue. 


21 
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Unanswered  Questions  % 

Every  Airman  a  Force  M ultiplier 

v  Does  altitude  set  up  muscle  for  more  severe  injury 
later?  Easy  enough  to  test  with  longer  trial. 

v  Is  hypobaric  hypoxia  the  same  as  normobaric 
hypoxia?  Easy  to  test. 

v  What  early  events  trigger  ECS?  How  can  ECS  be 
prevented?  What  signaling  pathways  are  invoked? 
v  Continuous  proteomic  and  metabalomic  profiling 
enabled  by  the  TwinStar  device  makes  this  possible. 

v  Pigs  have  a  relatively  uniform  genetic  background, 
v  Single  Nucleotide  Polymorphism  (SNP)  analysis  may 
provide  understanding  of  critical  pathways  and  better 
means  of  mitigating  risk  by  rapid  identification  of  ‘at 
risk’  genotype. 
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Bacterial  Growth  at  Altitude 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/Center  for  Sustainment  of  Trauma  and  Readiness 
(CSTARS);  Cincinnati,  OH 

Capt  Ryan  Earnest 


OBJECTIVES:  Bacterial  growth  is  a  known  risk  factor  for  tissue  loss  and  complications  in  contaminated  musculoskeletal 
wounds.  Current  care  for  these  casualties  includes  strategic  aeromedical  evacuation.  The  effect  of  altitude  on  bacterial  growth  in 
contaminated  complex  wounds  is  unknown.  We  hypothesized  that  exposure  to  hypobaric  hypoxia  alters  bacterial  growth  in 
contaminated  complex  musculoskeletal  wounds.  METHODS:  We  adapted  a  previously  characterized  caprine  model.  Under 
anesthesia,  complex  musculoskeletal  wounds  were  created  and  inoculated  with  bioluminescent  Pseudomonas  aeruginosa.  At  20 
hours  post  surgery  and  inoculation,  goats  (n=5)  underwent  simulated  aeromedical  evacuation  for  seven  hours  at  8800  feet  in  a 
hypobaric  chamber.  Controls  (n=5)  were  transported  without  flight  simulation.  Bacteria  were  quantified  using  photon  counting 
at  preflight  (20  hours  post  surgery),  post  flight  (7  hours  from  preflight  and  27  hours  post- surgery),  and  necropsy  (24  hours  from 
preflight  and  44  hours  post  surgery).  Results  are  expressed  as  Relative  Luminescent  Units  (RLU)  normalized  to  each  goafs  pre- 
flight  baseline  value.  Statistical  analysis  was  performed  with  Mann-U- Whitney  test  with  p<0.05  deemed  significant.  RESULTS: 
There  were  no  deaths  in  either  group.  Each  group  demonstrated  increasing  RLU  values  over  time  (Figure  1).  Goats  undergoing 
simulated  aeromedical  evacuation  demonstrated  increased  mean  RLU  values  as  compared  to  control  animals  at  the  post  flight  and 
necropsy  time  points.  CONCLUSION:  In  the  current  study,  simulated  aeromedical  evacuation  resulted  in  increased  bacterial 
luminescence  in  a  contaminated  complex  wound.  These  findings  are  important  because  they  suggest  that  hypobaric  hypoxia 
during  aeromedical  evacuation  may  accelerate  bacterial  growth  in  contaminated  wounds. 
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Every  Airman  a  Farce  M ukiplier 


Aeromedical  Evacuation 

Every  Airman  a  Force  Multiplier 


SUPPLEMENTAL  OXYGEN  DECREASES 
WOUND  BACTERIAL  GROWTH  AFTER 
SIMULATED  AEROMEDICAL  EVACUATION 
IN  GOATS 


Capt  Ryan  E.  Earnest,  Dennis  I.  Sonnier,  Amy  T.  Makley, 
Eric  M.  Campion,  Stephanie  R.  Bailey,  Joseph  Wenke, 
Alex  B.  Lentsch,  Timothy  A.  Pritts,  Jay  A.  Johannigman, 
Col  Warren  C.  Doiiac 


v  Moderate  altitude  change  occurs  during  commercial 
and  military  flight 

v  AE  cabin  profiles  can  range  from  4000  -  8800ft 
v  Hypobaric  environment 

v  Ambient  barometric  pressure  at  a  cabin  altitude  of 
8,000  ft  =  563mm  Hg. 

v  Decrease  to  89  percent  hemoglobin  saturation 


Aeromedical  Evacuation 

Every  Airman  a  Farce  Multiplier 


Aeromedical  Evacuation 


I  Every  Airman  a  Farce  Multiplier 


v  Altitude  exposure  may  lead  to: 

v  Hypoxia  -  02  saturation  decreasing  to  <90% 
vCommercial  air  crew  members  have 
documented  saturation  ranges  from  80%  -  93% 
v  Symptoms  similar  to  acute  mountain  sickness 
vEven  after  3  hours  in  commercial  flight 
conditions 


v  Combat  casualties  in  the  AE  transport  system  have 
not  routinely  received: 

v  pulse  oximetry  evaluation 
v  supplemental  02  for  non-ventilated  patients 


Basnyat  B,  Murdoch  DR.  High-altitude  illness.  Lancet  2003;  361:1967-74. 

Muhm  JM,  Rock  PB,  McMullinDL,  etal.  Effect  of  a  iicraft-cab  in  altitude  on  passenger  discomfort. 
N  Engl  J  Med  2007;  357:18-27. 
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Aeromedical  Evacuation 

Every  Airman  a  Force  Multiplier 


© 


Musculoskeletal  Injury 

Every  Airman  a  Force  M ultiplier 


v  Wound  oxygen  tension  may  be  vital  for  wound 
healing 

v  Decreased  incidence  of  surgical  site  infections 
v  Oxygen:  essential  for  eliminating  pathogens  and 
stimulating  phagocytosis 


v  Involves  severe  bone  and  soft  tissue  injury 
v  Complex  wounds 
v  Difficult  to  treat 

v  Complications  include  wound  ischemia,  infection,  non¬ 
healing,  and  tissue  loss 


Ku  hne  H  H .  U I  Ima nn  U ,  Kuh  ne  FW.  N  ew  aspects  o  n  the  paths  physb  logy  of  wou nd  infectio  n  and  wo  und  hea  ling— the 
problem  of  I  ewe  red  oxygen  pressure  in  the  tissue.  Infection  1985;  1352-6. 

Ives  CL.  Harrison  DK  Stansby  GS.  Tissue  oxygen  saturation,  measured  by  near-infrared  spectroscopy,  and  its 
relate  ns  hip  to  surgical-site  infections.  Br  J  Surg  2007 ;  94:87-91 . 


Musculoskeletal  Injury 
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Hypothesis 

Every  Airman  a  Force  M ultiplier 


v  Common  diagnosis  in  patients  undergoing  AE 
v  Over  50%  of  all  combat  wounds 
v  Up  to  24%  of  all  evacuated  patients 
v  Hypobaric/Hypoxic  AE  environment  and  its  effects 
on  complex  wounds  are  not  well  understood 


1.  Exposure  to  hypobaric  hypoxia  alters 
bacterial  growth  in  complex 
musculoskeletal  wounds 

2.  This  effect  could  be  attenuated  with  the 
administration  of  supplemental  oxygen 


Cohen  SP,  Brown  C,  Kurihara  C,  Plunkett  A,  Nguyen  C,  Strassete  SA.  Diagnoses  and  factors  associated  with  medical 
evacuation  and  return  te  duty  for  service  members  participating  in  Operation  Iraqi  Freedom  or  Operation  Enduring 
Freedom:  a  prospective  cohort  study.  Lancet.;  375:301-9. 
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Model 
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❖ 


Complex 

Musculoskeletal  Injury 

Every  Airman  a  Force  Multiplier 


Adapted  an  established  caprine  complex 
musculoskeletal  wound  model 
v  US  Army  Institute  of  Surgical  Research 
vJoseph  Wenke,  PhD 
v  Castrated  male  goats 

vConsistency  of  musculoskeletal  composition 
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Wound  Model 

■  Every  Airman  a  Fcree  M ultiplier  I 


Simulated 

Aeromedical  Evacuation 

Every  Airman  a  Feree  Ml  ultiplier 


v  Inoculation  with  bioluminescent  Pseudomonas 
aeruginosa 

v  Dressed  with  wet  to  dry  dressing  and  a  self  adhering 
bandage 

v  Arterial  line  and  nasal  cannula  placed 
intraoperatively 


v  Three  Groups 

V  AE 

v  AE  with  supplemental  Oxygen  (AE  02) 
v  Ground  Control 

v  21  hours  after  surgery  subjects  in  flight  group 
underwent  simulated  AE 
v  8800  ft  for  7  hours 

v  Arterial  Pa02,  oxygen  saturation,  and  wound  oxygen 
tension  monitored  throughout  the  flight 
v  Ground  controls  were  transported  to  the  chamber, 
but  did  not  undergo  flight 


Photon  Camera  Imaging 


I  Every  Airman  a  Force  M ultiplier 


Aeromedical  Evacuation  Timeline 

❖ 


■  Every  Airman  a  Force  Multiplier 


v  Photon  camera  images  used  to  quantify  wound 
bioluminescent  bacteria  post-injury 
v  20  hours  (preflight) 
v  28  hours  (postflight) 
v  44  hours  (necropsy) 


Non-Theater 
p-  Hospital 


24-72  hrS 


Evacuation  type: 


Tactical  Tactical  ’Strategic  AE 

.  6-10  hrS 

m  **■ 


Experimental  Surgical 

Timeline:  Injury 


Pre-flight 
imaging  at  21 
hr$ 


’'Simulated  Strategic  Post-flight  Necropsy  imaging 
AE  7  hours,  8800  ft  imaging  at28  at44hrs 
hr$ 
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Bacterial  Growth  in  AE 


I  Every  Airman  a  Fare#  fti itltiplu 


AE  with  Supplemental  02 


I  Every  Airman  a  Force  Multiplier 


12 


GD  AE  GD  AE  GD  AE 


Preflight  Postflight  Necropsy 


Oxygen  Saturation 


Arterial  P02 
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Bacterial  Growth  with  Oxygen 


I  Every  Airman  a  Force  Multiplier  I 


V 


Wound  Oxygen  Tension 


I  Ev&y  Airman  a  Force  Multiplier 


* 
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Conclusions 

Every  Airman  a  Force  M vltiplier 


Active  Investigation 

Every  Airman  a  Force.  Multiplier  ^B^M 


v  Demonstrated  feasible  AE  model  for  investigation  of 
musculoskeletal  wounds 

v  Mild  altitude  exposure  of  AE  results  in  mild  hypoxia 
v  Hypobaric  hypoxia  increased  bacterial 
luminescence  in  a  complex  wound 
v  Increased  bacterial  growth  may  be  abrogated  with 
addition  of  supplemental  oxygen 


v  What  is  the  role  of  wound  therapy  on  bacterial 
growth  during  AE? 

v  What  is  the  role  of  hypoxia  vs.  the  hypobaric 
environment? 

v  How  much  oxygen  is  needed? 
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Technical  Evaluation  of  Enroute  Care  Mechanical  Ventilation 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/Center  for  Sustainment  of  Trauma  and  Readiness 
(CSTARS);  Cincinnati,  OH 

SMSgt  Dario  Rodriguez,  Jr. 


INTRODUCTION:  Mechanical  ventilation  in  far  forward  military  operations  requires  a  device  that  is  consistent,  light  weight 
and  easy  to  use.  We  evaluated  the  SAVe  (simplified  automated  ventilator)  in  a  laboratory  setting  to  determine  performance 
characteristics.  METHODS:  Three  SAVe  resuscitators  were  tested.  Each  was  attached  to  a  test  lung  with  volume,  pressure,  and 
flow  measured  with  a  pneumotachometer.  Compliance  and  resistance  of  the  test  lung  were  varied  to  simulate  varying  patient 
conditions.  Oxygen  was  entrained  at  the  inlet  and  FI02  was  measured  with  a  fast  response  oxygen  analyzer  at  the  airway.  All 
measurements  were  made  at  sea  level,  4000,  8000,  12,000,  and  18,000  feet.  Battery  life  was  measured  twice  with  each  device  by 
operating  it  to  exhaustion.  RESULTS:  Delivered  tidal  volume  and  inspiratory  time  varied  when  changing  lung  model  conditions 
as  well  as  between  devices  within  the  same  lung  model  condition  at  sea  level  and  at  altitude.  The  largest  reduction  in  tidal 
volume  was  at  the  lowest  compliance.  Measured  FI02  was  comparable  to  reported  FI02  although  it  decreased  with  simulated 
spontaneous  breathing  through  the  device.  CONCLUSIONS:  The  SAVe  resuscitator  is  a  limited  function  device.  Tidal  volume 
delivery  is  inconsistent  with  decreased  lung  compliance  and/or  increased  resistance.  The  set  respiratory  rate  and  tidal  volume  are 
not  guaranteed  under  these  conditions.  During  spontaneous  breathing,  room  air  is  supplied  to  the  patient.  The  SAVe  could 
potentially  be  used  for  ventilatory  support  of  carefully  selected  military  casualties  to  replace  manual  ventilation,  but  caregivers 
must  be  aware  of  the  limitations. 
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Technical  Evaluation  of  Enroute  Care 
Mechanical  Ventilation 

Integrity  -  Service  -  Excellence 

The  Center  for  Sustainment  of  Trauma  and 
Readiness  Skills/Institute  of  Military  Medicine 
University  of  Cincinnati 


SMS  gt  Dario  Rodriquez  Jr.  BS  RRT 
Thomas  C.  Blakeman  BA  RRT 
Col  Warren  Dor  lac  MD 
Col  Jay  A.  Johannigman  MD 
Richard  D.  Branson  MSc  RRT 


Overview 


•  Evaluation  of  S  AVe  (Simplified  Automated  V entilator) 

*  Study  objective 

*  Device  characteristics 

*  Evaluation  methods 

*  Results 

•  Mechanical  V entilation  in  a  Hot  Zone 

*  Study  objective 

*  Implication  of  MV  in  a  CBRN  environment 

*  Study  design 

*  Results 

•  Evaluation  of  Aeromedical  Transport  V entilators 

*  Study  objective 

*  Device  characteristics 

*  Study  design 

*  Results 


Integrity  -  Service  -  Excellence 


SAVe  Study  Objective 


•  Assess  performance  characteristics  of  the 
SAVe 

*  Determine  accuracy  of  delivered  tidal  volumes  at 
variable  lung  impedance 

*  Evaluate  operational  impact  of  variable  lung 
impedance 

*  Evaluate  use  with  supplemental  oxygen 

*  Identify  operational  characteristics  when  exposed 
to  hypobaric  environment 


Integrity  -  Service  -  Excellence 


Light,  Lean,  Go  Anywhere 


•  Lightweight 

•  Small 

•  Battery  powered 

•  Single  limb  circuit 


Integrity  -  Service  -  Excellence 
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SAVe  Model  600 


Study  Methods 


•  3.1  lbs 

•  6.25”  X  6.75”  X  2.5” 

•  Battery  powered 

•  Single  limb  circuit 

•  One  set  of  vent  parameters 

♦  Tidal  Volume  of  600  ml 

♦  Respiratory  Rate  of  10  bpm 

♦  Flow  Rate  of  16  ipm 

•  No  PEEP 


♦  Three  SAVe  devices  were  attached  to  a  TTL 
(Michigan  Instruments)  via  manufacturer  supplied 
single  limb  circuit 

♦  A  pneumotachograph  (Hans  Rudolph)  was  placed 
between  the  vent  circuit  and  test  lung  for 
measurement  of  pressure,  volume,  and  flow  and  the 
data  was  recorded  to  a  PC 


•  Ability  of  device  to  maintain  set  rate  and  tidal  volume 
was  tested  using  four  simulated  patient  scenarios  at 
sea  level  and  simulated  altitudes  of  4K,  8K,  12K  and 


18K  ft 


Integrity  -  Service  -  Excellence 


Integrity  -  Service  -  Excellence 


Study  Methods  Continued 


Impact  of  Compliance 


♦  Fours  scenarios  simulated  normal  lungs,  chronic  lung 
disease,  acute  and  severe  respiratory  distress  syndrome 

♦  Oxygen  was  set  at  1 ,  3,  and  6  1pm  at  the  inlet  of  the 
SAVe  and  the  delivered  FI02  was  measured  using  a 
fast  response  oxygen  analyzer  (Oxygraf) 

♦  Testing  was  done  with  a  passive  model  and  a 
spontaneously  breathing  model 

♦  The  flow  of  oxygen  was  also  set  at  20  and  25  1pm  to 
determine  effects  on  ventilator  performance 


♦  Delivered  tidal  volume,  inspiratory  time,  and 
respiratory  rate  varied  when  changing  lung  model 
conditions  as  well  as  between  devices  within  the  same 
condition 


SAVe#l 

SAVe  #2 

SAVe *  *3 

Insp.  Time 

Respiratory  Rate 

Compliance  1.0 

0?4±2.5 

047  ±3.0 

040  ±11.2 

2.0-2 A 

?-10 

Compliance  0.8 

007  ±  1.3 

045  ±42 

022  ±8.1 

2.1  -  2.4 

10 

Compliance  0 2 

508  ±  l.$ 

573  ±3.1 

538  ±  13.> 

1.8-22 

10-11 

Compliance  0.1 

250  ±2.1 

270  ±2.7 

280  ±  l.J 

1.1-12 

17-18 

Integrity  -  Service  -  Excellence 


Integrity  -  Service  -  Excellence 
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Effects  of  Altitude 


Evaluation  with  Supplemental 
Oxygen 


Delivered  tidal  volumes  at  compliances  of  1 .0  and  0.8 
ml/cmFLO  were  comparable  to  tidal  volumes  at  sea 
level 

At  compliances  of  0.2  and  0. 1  ml/cmH20  the 
delivered  tidal  volumes  increased  stepwise  from  sea 
level  through  each  test  altitude 


Delivered  FI02  varied  widely  throughout  the  breath 
cycle  at  each  oxygen  setting 

Although  variable  during  the  breath,  mean  FI02  was 
within  5%  of  the  reported  FI02 
Although  the  operator  manual  cautions  against  using 
flow  rates  in  excess  of  6  1pm,  we  evaluated  ventilator 
operation  using  higher  flow  rates  to  test  the  effect  on 
performance.  At  an  oxygen  flow  rate  of  20  1pm  the 
SAVe  experienced  periodic  breath  stacking  and 
additional  volume  was  added  to  the  test  lung  between 
breath  cycles.  At  25  1pm,  the  SAVe  failed  to  cycle  but 
volume  from  the  oxygen  flow  was  added  to  the  test 
lung 


Integrity  -  Service  -  Excellence 


Integrity  -  Service  -  Excellence 


•  Mechanical  Ventilation  in  a 

JjJjjMAj 

Hot  Zone 


Study  Methods 


*  Implication  of  mechanical 
ventilation  in  a  CBRN 
(chemical,  biological, 
radiologic,  nuclear)  exposed 
environment 

♦  Evaluate  effects  of  the 
addition  of  a  CBRN  filter  to  a 
mechanical  ventilator 

■  Determine  performance  characteristics 
of  four  portable  ventilators  affixed 
with  a  CBRN  filter 

•  Evalu  ale  the  anti  -asphyx  iati  on 
properties  of  the  selected  ventilators 

■  Determine  ability  to  filter  all  of  a 
patients  inspired  gas 


•  Evaluate  four  transport  ventilators  used  around 
the  world  for  disaster  management 

•  Each  device  was  attached  to  a  TTL  (Michigan 
Instruments)  via  manufacturer  supplied  single 
limb  circuit 

♦  A  pneumotachograph  (Hans  Rudolph)  was 
placed  between  the  vent  circuit  and  test  lung  for 
measurement  of  pressure,  volume,  and  flow  and 
the  data  was  recorded  to  a  PC 

♦  Lung  compliance  was  set  at  0.02  L/cmH20  and 
resistance  was  set  at  5  cm  H20/L/s 


Integrity  -  Service  -  Excellence 


Integrity  -  Service  -  Excellence 
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Study  Methods  Continued 


Battery  Test  Results 


♦  Ventilator  settings  were:  A/C  mode,  respiratory  rate  35 
bpm,  tidal  volume  450  ml,  PEEP  10  cm  H20, 
inspiratory  time  0.8  seconds,  and  FI02  0.21 

•  Ability  of  the  ventilator  to  assure  all  gas  delivered  to 
the  patient  passes  through  the  CBRN  filter  was 
assessed  by  connecting  the  ventilator  to  a  model 
simulating  spontaneous  breathing 

*  We  simulated  a  device  failure  by  turning  each  test 
ventilator  off  and  having  the  driving  ventilator  deliver 
a  breath,  simulating  a  patient  breathing  through  the 
test  ventilator’s  anti-asphyxiation  valve 


Integrity  -  Service  -  Excellence 


*  Range  of  battery  duration  varied  widely  across 
all  ventilator  models  (99.8  -  562.6  minutes) 

•  There  was  no  significant  difference  in  battery 
duration  with  any  of  the  individual  ventilators 
tested  while  operating  with  and  without  the 
CBRN  filter  attached 


Air  Entrainment  Results 


Effects  on  Patient  Triggering 


Flow  demand  testing  demonstrated  that  if  inspiratory  demand 
exceeds  the  set  ventilator  flow,  gas  would  be  drawn  through 
the  anti -asphyxiation  valve 

FI02  decreased  as  room  air  was  drawn  in  via  the  anti¬ 
asphyxiation  valve  -  in  a  contaminated  environment  this 
would  expose  the  patient  to  the  contaminant 
Decrease  in  FI02  was  10%  -  20%  due  to  air  entrainment 
through  the  anti -asphyxiation  valve 


mrr 


Iff-niuj 


Triggering  evaluation  suggested  that  work  of  breathing  under 

this  condition  differed  among  ventilators 

Impact  73 1  generated  the  greatest  pressure  change  from  base 

line  suggesting  the  highest  work  of  breathing  (only  device 

allowing  entire  gas  source  to  patient  to  pass  through  filter) 

CareFusion  LTV  1200  demonstrated  the  least  peak  negative 

pressure 


1200 

Time — HT50 
(Sec) 
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Comments 


Aeromedical  Transport 
Ventilators 


•  CBRN  filter  is  a  potentially  important  addition  to  a  portable 
ventilator  in  providing  clean  air  in  the  event  of  intentional  or 
accidental  environmental  contamination 

•  Our  study  showed  that  the  use  of  a  CBRN  filter  does  not 
decrease  battery  duration  of  the  4  portable  ventilators 

•  The  longer  the  filter  is  used  in  a  contaminated  environment  the 
possibility  exists  that  battery  duration  may  be  affected 

•  Even  though  patients  can  entrain  gas  through  the  anti¬ 
asphyxiation  valve  in  the  event  of  inadequate  inspiratory  flow 
or  device  failure,  the  benefit  of  the  CBRN  filter  may  be  lost 
due  to  the  entrainment  of  contaminated  room  air 

•  The  Impact  73 1  was  the  only  ventilator  tested  that  directs  all 
entrained  room  air  through  the  filter 


*  Aeromedical  transport  ventilators  must  have  the 
ability  to  ventilate  patients  with  decreased  lung 
compliance  that  accompanies  acute  lung  injury  and 
acute  respiratory  distress  syndrome 

*  Adequate  battery  life  is  required  to  power  the 
ventilators  when  alternating  current  is  not  available 

*  Work  of  breathing  required  to  trigger  the  ventilator 
during  spontaneous  breathing  is  dependent  on 
device’s  ability  to  respond  to  inspiratory  effort 

*  Accuracy  of  tidal  volume  delivery  at  various  altitudes 
is  crucial  for  the  safe  management  of  critically  ill 
patients  during  air  transport 


Integrity  -  Service  -  Excellence 


Integrity  -  Service  -  Excellence 


Device  Description 


Study  Methods 


Impact  7  31 


Dimensions 

(L* *W*It) 

Weight 

Oh*) 

Breath  type 
(VCV/PCV) 

Piston  or 

Turbine 

Inspired/expired 

Vt  monitoring 

Battery 

type 

(internal) 

Altitude 

Compensation 

Impact  731 

12.5x8x4.5 

9.7 

Yes 

Piston 

Inspired  Only 

Lithium  ion 

Yes 

Impact  754 

11.5x8.9x4.5 

12.8 

VCVOnly 

Piston 

Inspired  Only 

Lead-acid 

Yes 

Pulmonetics 

LTV  1000 

12x10x3 

13.4 

Yes 

Turbine 

Yes 

Lead-acid 

No 

Evaluate  Impact  731,  Impact  754,  and  Pulmonetics  LTV  1000 
to  assess  battery  life,  triggering,  and  performance 
Each  ventilator  was  attached  to  a  dual  chamber  test  lung 
(Michigan  Instruments)  with  a  pneumotachometer  (Hans 
Rudoldph)  placed  in  line 

Data  generated  for  each  evaluation  was  recorded  to  a  PC  for 
further  analysis 

Battery  life  was  tested  using  the  following  settings  to 
approximate  the  mean  settings  on  day  1  of  the  ARDSnet  trial 
(other  than  FIO^:  Respiratory  rate  35,  tidal  volume  450  ml, 
PEEP  10,  FI02  0.21 

Each  ventilator  was  operated  until  the  battery  was  completely 
discharged 
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Study  Methods  Continued 


Battery  and  Triggering  Results 


♦  Triggering  was  evaluated  by  placing  a  lift  bar 
between  the  test  lung  chambers,  with  a  ventilator 
driving  one  side  of  the  test  lung  simulating 
aggressive  patient  triggering 

•  The  test  ventilator  was  attached  to  the  other  side,  set  at  PSV  1 0  cm 
H^O  (if  available),  and  data  recorded  to  assess  trigger  responsiveness 

♦  Sensitivity  was  set  to  the  most  sensitive  value  that  did 
not  cause  auto-triggering 

♦  Evaluation  of  tidal  volume  delivery  was  performed  at 
sea  level  and  simulated  altitudes  of  8,000  and  15,000 
feet,  at  a  set  tidal  volume  of  500  ml 


Integrity  -  Service  -  Excellence 


•  Battery  testing  was  done  a  minimum  of  two  times  per  device 

«  Durations  for  the  LTV  1000,  Impact  754,  and  Impact  73 1  were 
10L7, 205* *6,  and  553*7  minutes  respectively 

•  Ability  to  respond  to  an  aggressive  inspiratory  effort  varied 
widely  between  devices 

•  The  LTV  1000  produced  the  shortest  inspiratory  delay  time, 
Impact  731  produced  smallest  peak  negative  pressure  from 
baseline  and  Impact  754  was  least  responsive  during  this  test 


0.3  ACS  Ox)  (MS 


^—Impact  731 
— Impact  7M 
'  LTV  100(1 


Integrity  -  Service  -  Excellence 


Effects  of  Altitude 


Results 


Delivered  tidal  volume  varied  among  devices  at  sea 
level  and  at  altitude 

Most  tidal  volumes  were  within  ASTM  standards 


Sea  Level  80(1(1  ft  15000  ft 


Impact  731  provided  a  substantially  longer  battery  life 
than  the  other  ventilators 

Impact  731  and  LTV  1000  had  comparable  triggering 
response  while  the  Impact  754  required  more  negative 
pressure  to  trigger  a  breath 

Since  the  754  does  not  have  PSV  mode,  the  triggering 
evaluation  was  done  in  A/C  mode  with  an  inspiratory 
time  of  0.3  seconds,  to  maximize  the  flow  delivered 
during  the  evaluation 


Integrity  -  Service  -  Excellence 
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Results  Continued 


THANK  YOU 


♦  A  possible  reason  for  the  poor  triggering  response 
during  an  aggressive  effort  with  the  754  is  the 
maximum  inspiratory  flow  rate  is  60  lpm5  where  the 
731  and  LTV  1000  is  100  1pm 

♦  Impact  731  and  754  compensated  for  changes  in 
altitude  where  the  LTV  1000  did  not 

♦  Caregivers  must  understand  the  performance  and 
limitations  of  portable  ventilators  to  ensure  patient 
safety  during  transport 


Integrity  -  Service  -  Excellence 
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Joint  Medical  Distance  Support  and  Evacuation  (JMDSE),  Joint  Capability 

United  States  Joint  Forces  Command  (USJFCOM)-J02M 
CDR  Greg  Cook 


The  United  States  Joint  Forces  Command  (USJFCOM)  is  conducting  the  Joint  Medical  Distance  Support  and  Evacuation 
(JMDSE),  Joint  Capability  Technology  Demonstration  (JCTD)  to  enable  precise  logistical  delivery  of  critical,  mission  specific 
medical  equipment  and  supplies  to  include  telemedicine,  digital  patient  encounter  documentation,  and  transmission  capabilities 
for  medical  first  responders.  These  enhanced  capabilities  will  be  air-dropped  by  Joint  Precision  Airdrop  Systems  (JPADS)  from 
manned  and/or  Unmanned  Aerial  Systems  (UAS)  to  augment  and  extend  in-place  combat  casualty  care  within  forward  Army, 
Marine  Corps  and  Special  Operations  ground  forces,  Air  Force  Para-rescuers,  and  Navy  ships/submarines  with  limited  organic 
medical  support.  Within  these  combatant  organizations,  medics  or  corpsmen  will  be  provided  an  on-demand  capability  to  capture 
and  transmit  digital  physiological  monitoring  data  (i.e.  blood  pressure,  pulse,  temperature,  respirations,  ECG,  EC02,  SP02, 
ventilator  treatment,  data  elements  common  to  the  Tactical  Combat  Casualty  Care  and  Field  Medical  Cards),  and  digital  voice 
recordings  of  patient  encounters  to  enable  immediate  telementoring  and  to  facilitate  accurate,  complete  point-of-injury  data  within 
permanent  medical  records.  A  set  of  ruggedized  equipment  and  a  lightweight  digitally  enabled  physiological  monitoring  system 
are  being  integrated  with  military  radios  and  soldier  headset  voice  data  capture  technologies,  and  will  be  packaged  for  just-in-time 
air  delivery  via  JPADS.  A  series  of  three  2010-11  Operational  Demonstrations  involving  with  land,  air  and  maritime  forces  will 
be  used  to  determine  the  utility  of  JMDSE  capabilities.  We  discuss  the  technologies  employed,  the  operational  scenarios  and 
results  of  the  first  series  of  exercises. 
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Joint  Modieal  Distance  Support  &  Evacuation 


'•* *_j  Joint  Medical  Distance  Support  &  Evacuation*^  \ 
(JMDSE) 


CDR  (ir-g  W  Dfl  ah,  U  £h 
U&JtFCOM.JCiH 


BaMMUpiBM  aaOUxmM 

Ur.  Slohnrd  Bonnay  Or.  Gary  ailtan 

hSHDEC  TAHtC 


■  SiLualbn:  A  more  robust  combat  casualty  care  medical  support  is 
required  with  widely  dispersed  forces  on  noncontiguous  baLLlefield 


*  Objective:  Demonstrate  comprehensive  casualty  care  capabilities 
that  will  significantly  enhance  battlefield  medicine,  provide  greater 
supporL  for  medical  forces,  be  a  force  multiplier  for  high-demand  low- 
density  assets  and  evaluate  mature  technologies  that  provide 
solutions  to  id  entitled/ prior  ili'ed  user  needs 


JMDSE  Goals 


*  Develop  comprehensive  casually  care  capabilities  lo  significantly 
enhance  bailie  fie  Id  medicine  and  logistics 

*  Develop  greater  support  for  First  Responder  with  near  real-time 
delivery  and  reach- back 

-  Develop  comprehensive  CONOP3  that  enhances  battlefield 
readiness  and  mission  execution 

*  Conduct  competitive  prototyping  to  ensure  best  product/best  price 
is  selected 


JMDSE  Management 


*  COCOlWUser  Sponsor 

U.S.  Joint  Fores*  Cotnmano 

*  0  DR&E  (RFD )  Overs  ig  ht  Executive 

-  Mr  Crag  RefeJ 

■  Operational  Manager 

U5JFCCM  Office  oflhs  Conmand  Surgeon  (J32M)  -  CDR  Greg  Cook 

*  Technical  Manager 

Nelick  Sofciar.  RsBsanch.  Develnprosnl  and  Engineering  Center  jUSAi'MSRDEC)  -  Mr  Rlchetc 
Ber-ney 

-  TdlKmorlldnn  and  Arivnncnrt  TorJinotegy  Research  Cento  r  (USA/TATRO) 

Of  fiery  GifcHtf 

*  T ransition  M  anager  Sp  on  aora 

-  Marine  Corps  Systems  Cemnmed  -  JPADS-MerJ.'UL  W  -  Ur  Bll  Bamehe  a 

-  Dfiterrse  Hf.fltlh  Infoomallno  Systems  (DHIMS)  -  IM/IT-COL  Rarrew 

Defends  Ttirsal  RaducWon  Agency  [DTRAj  -  BpoWarfBraAJPADS-MacEjt  Integration 

*  Lead  Service  -  N/A 

*  Other  Participants 

-  Air  Force  -  AF/SGR  ACC;  DTRA,  SOCOM,  PACOM,  Fleet  Forces  Command,  USA/ARDEC 
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JMDSE  JCTD  Status 


Today 

Co  mpetit  ive  Prototyping 


5 


JMDSE CONOPS 


Develop  comprehensive  casualty  care  capabilities  to  significantly  enhance  battlefield  medicine 
Develop  greater  support  for  First  Responder  with  near  real -time  delivery  and  reach-back 
Develop  comprehensive  CONOPS  that  enhances  battlefield  readiness  and  mission  execution 


CONOPS 

•  Distant  Triage  -  Hdo,  Snip,  Ground 

•  Ream -bask  inrout  ofTneater 

■Precidon  deliveiymedical  {fixed  Wing,  Helo,  UAS) 


JPADS-MedEx  Precision  Guided  Parachutes 


Micro-light  Weight  JPADS:  10-150tbs 
Ultra-light  Weight  JPADS:  250-699lbs 


Approx.  150lbs  FRW 


Approx.  63.5lbs  FRW  Approx.  2221b s  FRW 

Accuracy  requirements: 

50m  (T)/10m  (O) 

Water  proof  AGUs 


t 

Approx.  30lbs  FRW 


6 


118 


M 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  3_ Enroute  Care 


Operational  Demonstration  2  Rehearsal 


■  JPADS  MedEx  Results  (Yuma  Proving  Grounds  16-20  Aug) 

-  Used  all  delivery  systems  (MLW,  ULW,  Provider  Pod) 

-  Payload  delivery  accomplished  (blood,  plasma,  surrogate  &  JCCCS  equipment, 
consumables) 

-  Delivered  in  relevant  terrain 

-  Med  Survivability  standards 

-  Met  Accuracy  Standards  (T)  for  most  systems 

-  Probability  of  Successful  Flight  -  progressing  to  Threshold 
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Documentation  of  Care,  Sharing,  Integration 


Operational  Demonstration  IB  Phase  II  ! 


% 
iSVKWSV 


Ultrasound 


JCCCS  Results  (Fort  Detrick,  MD  03-05  May) 

-  Used  all  JMDSE  1 A  care/monitoring  systems 

-  Eva  I  uated  CO  NO  PS ,  syste  ms  &  telemedicine  Ga  pab  i  I  ities  for  o  peration  al  utility 

Voioe  recording 
Physiological  monitoring 
Physiological  data  storage 

Data  transmission  to  FRC  using  surrogate  networks 

-  Users  reported  utility  for  all  systems  (mission  dependent,  conditional  based  on 
future  functional  tests,  varied  usefulness  at  FR  echelon) 

-  Systems  prog  ressi  n  g  to wa  rd  th  resh  old  meas  u  res  of  performan  ce 


'1  believe  once  (be  system  is 
fully  developed  it  wM 
significantly  enhance  (he  first 
responders  capabilities  and  the 
survoVabrlify  of  wounded/ injured 
personn  el  at  the  incident  site. " 
ACC/A8RG  PJ 


14 


OD1  After  Action 

ACC  Pararescue  Jumpers 


JMDSE  Event  Calendar 


"Any  system  that  CONSISTENTLY  delivers  equipment  to  the  first  responder 
will  have  a  direct  impact  for  mission  success.” 

“I  believe  once  the  system  is  fully  developed  it  will  significantly  enhance  the 
first  responders  capabilities  and  the  survivability  of  wounded/ injured 
personnel  at  the  incident  site.” 

"MicroFly  was  the  only  system  we  had  extensive  time  with.  I  strongly  agree 
that  the  system  will  increase  mission  success  in  situations  were  the  on-hand 
medical  supplies  do  not  meet  the  need.” 

“Systems  were  not  followed  during  jumps.  However,  previous  training 
showed  that  combo  drops  with  guided  systems  will  be  a  huge  benefit  for  this 
mission  set.” 


|  Date 

Event 

Location 

8-9  Sept 

OD2B  Rehearsal 

AFMESA,  Ft  Detrick 

10  Sept 

OD2  Final  Planning  Conference 

AFMESA,  Ft  Detrick 

13-17  Sept 

OD2A  Execution 

YPG.YumaAZ 

4-7  Oct 

OD2B  Execution 

AFMESA.  Ft  Detrick 

11  Nov 

SUBLANTTest 

Bahamas 

5-1 5  Apr 

Balikatan  11 

Re  pu  bl  ic  of  P  h  ilip  p  ines 

9-13  May 

OD3 

YPG 
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Summary 


>  Management 

-  Technical  Managers,  Operational  Manager  and  Transition  Manager  are 
meeting  on  a  regular  basis 

-  TELCONs  every  2  weeks  for  feedback  and  information  dissemination 

-  CONORS,  Transition  and  Operational  Demonstration  Planning  ongoing 

-  DOTMLPF  Findings  &  Recommendations 

*  Technology/Capabilities/Metrics 

-  Technologies  for  JPADS-Med  and  JCCCS  integration  &  testing 

-  Capabilities  and  Metrics  have  been  established  and  continue  to  be  monitored 

*  Milestones 

-  OD1B  Completed  -  19  -23  Apr/3  -  7  May  2010 

-  Monthly  tech  tests  -  ongoi  ng 

-  OD2- 13 -17  Sep/4 -7  Oct  2010 


Questions/Discussion 
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ie 


Operational  Demonstration  2A 

13-17  Sept  at  Yuma  Proving  Grounds 


Operational  Demonstration  2B 

4-7  Oct  at  Fort  Detrick,  MD 


■  JPADS  MedEx  Objectives 

-  High  Altitude  JCCCS  equipment  drops  (ULW,  MLW) 

-  Drop  Blood  in  new  design  insulated  container 

-  Drop  liquid  and  frozen  plasma 

-  Drop  live  vaccines,  test  assays,  and  BioChem  sensors  for  DTRA 

-  Drop  in  Mountainous  area 

-  Improve  accuracy  (focus  on  MLW,  Provider;  T-S0%  CEP,  50m) 

-  Improve  Probability  of  Successful  Flight  (T -92%) 

-  Improve  Packing,  Rigging,  Loading,  GPS  Retransmission  Kit  training. 

-  Demonstrate  a  UAS  extraction  of  a  field  test  using  Tigershark 

-  Conduct  combo  drops  with  guided  systems  (PJ)  (ULW-Microfly  system) 


■  JCCCS  Objectives 

-  Evaluate  capability  using  ground  force,  biological  event  and  follow-on 
PJ  scenario. 

-  Advance  the  voice  recording  capabilities 

-  Demonstrate TCCC  card  implementation  (EIC/Tempus  1C) 

-  Improve  User  training 

-  Demonstrate  data  transmission  (voice  reports,  images,  physiological 
data,  snapshot  waveforms  over  tactical  radios) 

-  Integrate  portable  data  storage  device  into  patient  monitors 

-  Evaluate  FRC  reachback  capability 

-  Create  patient  encounter  report  at  FRC  (text,  images,  snapshot 
waveforms) 
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Capabilities/Metrics  - 
JPADS-Med  ULW/MLW 


At 

Otfcrcl 

S,^ns^aiScooflLveLT' 

2SjOOO  MSL  wifri  3Gkm  *1t=r>1 

Asiu^GPU  (full  vwtighl 

ISOffl  CEP 

SO  in  CEP 

som 

lOm  CEP 

0»<i1  Qu/aliort 

Ncn* 

RO,R«i=nl«aW 

Non* 

Rr^sislartOc 

Siiton  Con/uMfMly 

Load  mission  planning 
dan  Ihnoug  h  >i  a/dminc 

dalawindnssly 

Load  mission  planning 
data  though  ha/ftwim 

l^dmission^anning  data 

FUrffcuvn 

C-1 30.  C-1 7.  Vt22 .  C  H- 
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C  H-46.  T  KSERSH  AR  K. 
MtVVERICKUAS 

Sam*  Vims  held 

Canopy 

Etfsltog  LiSMDi^to^ 

MM^S  MP3EO.TP  400, 
MC-5 

Ejislng  USMC  inwiltxy. 

Pa/afeil  and  dooguis 

Sam*  as  Ihmshold 

SWWlAki  lit* 

9"”** 
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30  times 

Sh«K 

4-70  opening  fill  Oik, 
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TBD  to*  -SrtrAi  &c 

4-7C  rtg  s  hock. 

IS/ISfc*  Mtrfcal  drt» 

Sama  as  thrashold 

PaoNng  and  Ri^giny  Turns 

Sa/nrs  as  tinsshold 

2hOu/S  to*Vairirtd 

Same  as  threshold 

Full*  U*  ™  * 

P.-rcds  iort  A/d/opS*stor> 
(PADS>£*ffcv*/tt 
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Ful 1*  oompalitolit  wifri 
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Sams  as  threshold 

Capabilities/Metrics  - 
JCCCS 


Capability 


System  Connectivity 

Com  ms  and  stetions 

hardwired  te  litter 

Wireless  connectivity 

Shock  resistance 

4-7  G  o  pen  i  ng  s  hock, 
IS/IStps  vertical  drop 

Same  as  ihreshoid 

Power 

System  battery  pack- 3-6 
hours 

Same  as  threshold  and 
Plug  into  unit  hotel  power 

Platform  delivery 

J PADS  deliverable  kite 

Same  as  ihreshoid  and 
pack  up  kite,  maritime 
configurations 

Configuration 

Litter  interfaced  system, 
FR  C/BAS  system, 
shipboard  system 

Fully  integrated  into 
threshold  systems 

Bandwidth 

Scaleable  down  te  9.6KB 

Same  as  ihreshoid 

Interoperability 

Interoperable  with 
existing  tactical  radios, 
ie.  SIN  GARS,  IN  W1ARSA.T 

Same  as  threshold  and 
JTRS  Waveforms, 
MILSA.TCOM,  &  olhe  r 
Service  systems 
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Field  Intravenous  Fluid  Reconstitution  (FIVR) 

Air  Combat  Command  (ACC)/SGR,  Langley  AFB,  Hampton,  VA 
LtCol  Steven  Stem 


The  objective  of  the  FIVR  project  is  to  develop  a  Food  and  Dmg  Administration  (FDA)  approved  device  consisting  of  integrated 
medical  components  capable  of  producing  packaged  intravenous  fluids  for  use  by  medical  personnel  in  field  locations.  FIVR  shall 
be  capable  of  being  employed  at  forward  resuscitative  care  (or  higher)  deployed  medical  treatment  facilities  to  provide  initial 
resuscitative  and  surgical  medical  care  to  stabilize  patients  for  evacuation  to  a  higher  level  of  care. 

The  FIVR  device  shall  produce  FDA  approved  IV  solutions  to  include  normal  saline,  half  normal  saline,  dextrose  5%  with  normal 
saline,  and  lactated  ringers  at  deployed  locations  for  immediate  use  or  storage.  A  pre-filter  shall  condition  potable  water  to 
Environmental  Protection  Agency  (EPA)  quality  where  the  FIVR  device  shall  have  the  capability  to  condition  the  incoming  water 
temperature;  a  function  to  sterilize  the  water  suitable  for  injection;  and  an  automated  methodology  to  fill  chemical  pre-loaded 
bags  to  produce  packaged  intravenous  solutions. 

A  FIVR  device  will  culminate  with  FDA  approval  and  will  enhance  capability  reducing  the  medical  logistical  footprint  and  lift 
requirements.  This  operational  outcome  will  facilitate  essential  care  in  theater  and  enhance  care  during  contingencies.  This 
capability  is  needed  to  decrease  the  risk  of  not  having  sufficient  intravenous  fluids  available  at  deployed  locations  and  reduce  the 
logistical  footprint  (lift,  storage,  and  waste)  associated  with  the  current  operations  requirement. 
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Headquarters  Air  Combat  Command 


Field  Intravenous  Fluid  Reconstitution 


(FIVR) 

Lt  Col  Steve  Stem 
Air  Combat  Command 
Medical  Modernization  Division 
25  August  2010 


UNCLASSIFIED 


■  Our  Mission 


■  Modernization  Process 


■  FIVR  Operational  Capability 


Overview 


Bottom  Line  Up  Front 

■  We  support  the  warfighter  and  the  deployed  ground  medic 

■  Supported  missions  include:  force  on  force,  humanitarian,  disaster  relief 

■  Team  with  Ground  Manpower  And  Equipment  Force  Packaging  Agency 

■  Deployed  ground  medic  (end  user)  is  our  customer 

■  Identify  capability  gaps,  define  requirements  and  seek  out  solutions  and  advocate 
for  deployed  ground  medic  needs 

■  T ransition  solutions  from  a  concept  to  a  warfighter  capability 

■  Provide  world  class  expeditionary  ground  medical  capabilities 

■  We  are  ACC/SG  lead  for  Combat  Air  Force  &  AFMS  Strategic  Planning 

■  We  are  ACC/SG  lead  for  Line  &  AFMS  Program  Objective  Memorandum  (POMs) 

R&D  efforts 

■  Our  partnerships  include  services,  research  labs,  other  DoD  agencies 


F 


ACC  Medical  Modernization 
Planning  Mission 


Medical  Modernization  and 
Planning  Division  (SGR) 


■  Support  the  warfighter  and  deployed  ground  medics  by  providing 
world  class  ground  medical  capabilities 

■  Harness  leading  edge  technology  to  provide  the  link  between 
current  needs  and  future  capabilities 
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Medical  Modernization  Process 


Overview 


*  Purpose:  Discuss  the 
operational  capabilities 
of  the  FIVR  device. 


•  Objective:  Provide  a 
summary  of  current 
integrated  system 
design  of  the  FIVR 
project. 


•  Funding:  PE  64617 

•  LAF  PE  for  RDT/E  &  OT/E 

•  Transition  Warfighter 
Material  Capability 


History  of  Field  IV  Systems 
Lessons  Learned 


*  Resuscitative  Fluids  Production  and 
System  (REFLUPS) 

*  Sterile  Water  For  Injection  device 


Reconstitution 


•  Lessons  learned:  Heat  sterilization,  automation,  shelf 
life,  and  FDA  approval 


•  Prepackaged  IVs  are  99.5%  water,  often  transported  from 
CONUS  using  valuable  airlift 

•  Producing  IVs  at  the  deployed  location 

*  Increases  logistical  independence 

*  Frees  valuable  airlift  resources 

*  Reduces  forward  foot  print  (weight  and  volume) 

*  Makes  deployed  medical  systems  more  expeditionary  (EMEDS) 
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Required  Capability 


Key  Performance  Parameters 


*  To  generate  sterile  water  for  topical  use  and  Intravenous  (IV) 
fluids  used  in  treatment  of  critical  casualties 

*  Used  in  forward  resit  sc  itative  and  field  hospitalization  facilities 

*  Enhances  expeditionary  capability  of  medical  first  responders  & 
initial /intermediate  deployed  medical  treatment  facilities 

-  Joint  Future  Capabilities: 

Focused  Logistics  &  Protection 

*  Force  on  Force;  WMD 
Threat;  Humanitarian  Assistance; 
and  Civil-Military  Operations 

*  AFCONOPS:  Agile  Combat 
Support  (ACS) 


CCJQ  Key 
Characteristics 

Para 

U 
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Development 
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Make  IV  Solutions  in  the  Field 


Artist's  Rendering 


Provide  FDA  approved 
IV  solutions  in  support 
of  the  full  spectrum  of 
deployed  scenarios 
including  wartime 
operations,  deterrence 
and  contingency 
operations,  peacetime 
engagement,  crisis 
response  and 
humanitarian  relief 
operations  by  trained 
military  personnel. 
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FIVR  -  Modular  Design 


Temperature  Control  Unit 
Module 


•  Reduce  potable  feed  water  from  max  140°F  to  85T 

*  Increase  potable  feed  water  from  min  33°F  to  65°F 


FIVR  Water  Preconditioner 
“Pre-FIVR” 

•  The  Pre-conditioned  component  takes 
potable  water  and  conditions  it  to 
Environmental  Protection  Agency 
(EPA)  National  Primary  Drinking 
Water  Standards 

•  The  U.S.  Army  Center  for  Health  Promotion  and  Preventive 
Medicine  conducted  a  worldwide  analysis  of  water  quality 
based  on  water  test  data  to  identify  likely  contaminants  to 
potable  water 

•  US  Army  TARDEC,  Water  Treatment  and  Handling  Team 
designed  the  test  parameters,  test  plan,  and  oversaw  the  tests. 

*  Commercial  Off  the  Shelf  (COTS)  Reverse  Osmosis  Systems 
potable  water  challenge  testing  by  the  National  Sanitation 
Foundation  (NSF)  International 

*  Gives  a  dual  purpose  Use  for  EMEDS 


Sterile  Water  for  Injection  (SWFI) 
Generator 
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Sterile  Water  for  Injection  (SWFI) 
Generator 


*  Design  Basis  for  Sterilization  and  Depyroge nation  of  Water 


4$0 


400 


O 

E 


£  250 


150 

0.001 


0.01 


Correlation 
based  on  lest 
(tola  derived 
from  2QDa  C 
to  400°  C 


Exposure  Time  (Minutes) 


Components  For  Automation 


Artist’s 

Rendering 


Aseptic  Fill 


Bar  Code  Reader 


Hot  Stamp  Printer 


PD MC 


Bag  Design 


m  fife 


*  FDA  compliance 

*  Material  Selection  &  Testing 

*  Device  Design  Selection  &  Testing 
-  Material  Compatibility 

*  Extractable  /  teachable  Investigation 

*  Printing  Compliance  /  Leaching  Ink 

*  MVTR  &  OTR  /  Influences  Shelf  Life 

*  cGMP  Commercial  Manufacturability 

*  Drug  Loading  l  Equipment  Investigation 

*  Leak  Analysis  /  Barrier  Integrity  /  Migration  &  Ingress 

*  Design  with  Push  Port 

*  Filled  IV  bag  contains  new  lot  number,  expiration  date, 
User  ID 


Ml 


12  DSNS  Bags  Compared  : 

2.34  lbs  33  lbs 

228  cu  in  1632  cu  in 

Pilot  Toxicity  Testing  -  NMRC 
Extended  Shelf  life 
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Road  Ahead 


Contact  Information 


•  Final  Configuration 

•  Food  And  Drug  Administration  Approval  Strategy 

•  Test  and  Evaluation 


Lt  Col  Steven  Stern 
steven.stern@langley.af.mil 
HQ  ACC/SGR 
DSN:  574-1261 
OR 

acc.sgr@langley.af.mil 


Gap  +  Requirement  =  Solution 


•  We  want  your  input  regardless  of  your  rank,  title  or 
position 

•  Our  job  is  to  improve  your  ability  to  get  things  done, 
easier  and  faster 

•  Goal  is  to  improve  your  deployment  capabilities 

•  To  do  our  job  better  we  need  help  from  your  input 

•  Does  not  matter  if  need  is  a  device  or  the  need  for  a 
better  way  of  doing  things 
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A  comparison  of  proximal  tibia,  proximal  humerus  and  distal  femur  infusion  rates  under 
high  pressure  using  the  EZ-IO  Intraosseous  device  on  an  adult  swine  model 

59th  Medical  Wing  (MDW) 

Maj  Julio  Lairet 


OBJECTIVES:  Compare  the  intraosseous  flow  rates  of  the  proximal  tibia,  distal  femur  and  the  proximal  humerus  using  high 
pressure  (>300  mmHg)  in  an  adult  swine  model.  METHODS:  A  25mm  EZ-IO  needle  was  inserted  into  the  proximal  tibia 
bilaterally  of  eleven  swine,  and  a  45mm  needle  was  inserted  into  the  distal  femur  and  proximal  humerus  bilaterally.  Intravascular 
volume  was  removed  until  the  mean  arterial  pressure  was  decreased  to  25%  from  baseline.  Infusion  of  normal  saline  was  carried 
out  at  each  site  for  a  period  of  10  minutes  with  a  pressure  bag  at  highest  achievable  pressure  (>  300  mmHg).  At  the  end  of  10 
minutes  infusion  rates  were  calculated.  Following  euthanasia  the  bone  IO  insertion  sites  were  harvested  by  the  veterinary 
pathologist  for  histopathologic  examination.  Statistical  analysis  was  performed  using  ANOVA.  RESULTS:  The  mean  infusion 
pressure  for  the  tibia  was  580  mmHg,  553  mmHg  for  the  femur  and  499  mmHg  for  the  humerus.  Comparing  the  infusion  rates  of 
the  humerus  (213  mL/min)  to  the  tibia  (138  mL/min)  revealed  a  p<0.001.  When  comparing  the  humerus  (213  mL/min)  to  the 
femur  (138  mL/min);  p<  0.001.  Comparison  between  the  tibia  (103  mL/min)  and  the  femur  (138  mL/min)  did  not  reveal 
statistical  significance  p<0.138.  Histopathologic  examination  revealed  minimal  to  mild  subperiosteal  and/or  periosteal 
hemorrhage  adjacent  to  where  the  intraosseous  needle  was  inserted. 

Conclusion:  The  rate  of  infusion  was  greater  via  the  humerus  route  compared  to  the  tibia  and  the  femur.  Additional  studies  are 
needed  to  further  evaluate  high  pressure  infusions  (>300  mmHg)  using  intraosseous  devices. 


130 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  3_ Enroute  Care 


3r 

Develop  America's  Medical  Airmen  Today ...  forTomorrow 


A  comparison  of  proximal  tibia,  proximal 
humerus  and  distal  femur  infusion  rates  under 
high  pressure  {>300  mmHg)  using  the  EZ-IO 
Intraosseous  device  on  an  adult  swine  (Sus 
scrofa)  model 


Maj  Julio  Lairet 

Director  Enroute  Care  Research  Center 
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>Acute  hemorrhage  is  the  leading  cause 
of  battlefield  deaths  in  modern  warfare. 
>  Intravenous  access  is  the  cornerstone 
of  resuscitation. 


>  Performing  venous  cut-downs  or  obtaining 
central  venous  access  through  the 
placement  of  an  introducer  into  the 
subclavian  or  femoral  veins  can  be  time 
consuming,  require  surgical  expertise,  and  is 
especially  challenging  when  caring  for 

multiple  casualties  due  to  a  lack  of _ 

personnel. 
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V  Background  SJ  r* 


■  Develop  America's  Medical  Airmen  Today ...  for  Tomorrow 


>ln  the  resuscitation  phase,  fluids  and 
blood  products  need  to  be  given  rapidly, 
however  the  optimal  method  for 
pressure  infusion  through  the  EZ-IO® 
device  is  unknown. 

> Currently,  infusion  rates  through  an  IO 
in  the  adult  patient  are  limited  to  that 
which  can  be  generated  through  a 
pressure  bag  inflated  to  300  mmHg. 


>A  previous  study  comparing  the  infusion 
rates  between  the  Belmont  FMS  2000 
rapid  infusion  device  (RID)  and 
pressure  bag  assisted  flow  through  the 
EZ-IO®  revealed  statistically  significant 
higher  infusion  rates  when  the  pressure 
was  >300  mmHg. 
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>The  femur  has  been  used  as  an 
alternative  site  for  placement  of  IO  in 
pediatric  patients. 

>This  site  has  not  been  validated  for  high 
volume  resuscitation  in  the  adult 
patient. 


>  We  compared  the  flow  rates  of  the 
proximal  tibia,  distal  femur  and  the 
proximal  humerus  using  high  pressure 
(>300  mmHg)  through  an  intraosseous 
infusion  needle  on  the  adult  Sus  scrofa 
swine  model. 
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>Our  secondary  objectives  were  to 
determine  at  what  pressure  maximal 
flow  rates  occur,  and  to  determine  if 
infusions  at  these  pressures  cause 
bony  damage  or  local  vascular 
extravasation. 


Or 
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Methods 


>  Prospective  interventional  study 
comparing  infusion  flow  rates  under 
high  pressure  (>  300  mmHg) 
through  an  EZ-IO  needle  between 
the  proximal  tibia,  distal  femur  and 
the  proximal  humerus  in  a  swine 
model. 
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>  A  25mm  was  placed  in  the  proximal 
tibia  bilaterally,  and  a  45mm  needle 
was  placed  in  the  distal  femur  and 
proximal  humeri  bilaterally  of 
eleven  swine. 

SI 
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>  Placement  confirmed  by 

-  Bone  marrow  aspiration 

-  Ease  to  normal  saline  flush 

-  Direct  visualization  by 

contrast  injection  under 
fluoroscopy 
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>  Cuff  inflated  to  600  mmHg 

>  Pressure  was  monitored 

>  Pressure  bag  was  pumped  as 
necessary  to  maintain  the  highest 
possible  pressure 


iding  Great  Care.. .Building  Warrior  Medics 


>  Pressure  measured  at  the  infusion 
site  with  an  Ashcroft  General 
Purpose  Digital  Gauge  at  1 5  sec 
intervals  for  10  minutes 
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>  At  the  end  of  the  infusion: 


>  volume  of  NS  administered  and 
flow  rates  were  calculated 
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•  IV  Contrast  Infused  to  evaluate  for 
extravasation  post  infusion. 
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Statistical  Analysis  5  r* 
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>  Following  euthanasia  the  bone  IO 
insertion  sites  were  harvested  by  the 
veterinary  pathologist,  fixed  in  10% 
neutral  buffered  formalin,  and 
decalcified  in  EDF  decalcifying  solution. 

>The  tissues  were  routinely  processed 
for  histopathologic  examination. 


>  AN  OVA  comparison  of  all  three 
arms. 
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Results  C  r 
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RESULTS 


>The  average  weight  of  the  swine  was 
71  Kg  (range  64-84  Kg). 

>Successful  placement  of  the  IO  needle 
was  confirmed  in  all  the  sites. 
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Site 

Rate  of  infusion 
(mL/min) 

Ave.  Maximum 

pressure  (mmHg) 

Humerus 

213  mL/min  (SD  53.2  mL/min) 

499  mmHg  (SD  59.2) 

Femur  138  mL/min  (SD  65.3  mUmin)  553  mmHg  (SD  61.7) 

Tibia  103  mL/min  (SD48.1  mL/min)  580  mmHg  (SD  54.7) 


p<0.001 


W  Comparison  of  flow  rates  Q  ^ 
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Rale  of  Infusion 


2CO 

150 - 

100 

50 - 

■ 

Proximal  Humerus  Distal  Femur  Proximal  Tibia 
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Turkey  HSD 
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Comparison  of  Mean  10 
infusion  pressure 
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>Comparison  of  flow  rates: 

>Humerus  (213  mL/min)  versus  the  tibia 
(103  mL/min)  and  the  femur  (138  mL/min) 
revealed  statistical  significance  with  p<0.001 
>Tibia  (103  mL/min)  versus  femur  (138  mL/min) 
did  not  reveal  statistical  significance  with  p<0.138 
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>We  did  not  detect  contrast 
extravasation  post  infusion. 


^^Histopathologic  Examination  ^  ^ 

Develop  America's  Medical  Airmen  Today ...  for  Tomorrow 

>  Revealed  minimal  to  mild  subperiosteal 
and/or  periosteal  hemorrhage  adjacent  to 
where  the  intraosseous  needle  was  inserted, 
with  minimal  to  mild  hemorrhage  within  the 
marrow  space,  and  variable  amounts  of 
subperiosteal  and  scattered  bone  debris. 

>  These  findings  are  consistent  with 
intraosseous  device  placement  and  we 
considered  them  clinically  insignificant. 
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Limitations 
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>The  IO  device  needle  extended  through 
the  compact  cortical  bone  on  all 
samples  and  terminated  within  the 
medullary  cavity  or  in  cancellous  bone. 

>  Fracture  of  the  bone,  misplacement, 
and  posterior  bone  cortex  disruption 
were  not  found. 


1.  The  primary  limitation  is  the  use  of  an  animal 
model. 

2.  The  infusion  period  in  this  study  was  limited  to 
ten  minutes. 

3.  This  study  did  not  evaluate  histo pathology  of  the 
lung  tissue  for  the  potential  risk  of  fat  or  bony 
emboli. 

4.  The  data  established  in  this  study  only  pertain  to 
the  10  device  and  insertion  sites.  This  data  may 
not  translate  to  other  10  devices,  insertion  sites. 
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QoveJop  America's  Medical  Airmen  Today...  for  Tbirrorrow 

>  The  rate  of  infusion  was  greater 
via  the  humerus  route 
compared  to  the  tibia  and  the 
femur. 

>  tn  this  model  the  humerus 
appears  to  be  superior  site  to 
the  tibia  and  femur  for 
resuscitation  with  crystalloids. 
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Dwefep  KerScat  Airmen  Today ...  for  Tomorrow 

>  We  found  that  the  swine  bone 
tolerated  pressures  >  300  mmHg 
without  clinical  histopathologic 
damage. 

>  Additional  studies  are  needed  to 
further  evaluate  high  pressure 
(>300  mmHg)  infusions  using 
intraosseous  devices. 
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Questions?  3r 
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>  Blood 

> Evaluation  for  pulmonary  fat  embolism 

>  Plasma 
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Inflammation  Following  Hemorrhage  and  AE 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/Center  for  Sustainment  of  Trauma  and  Readiness 
(CSTARS);  Cincinnati,  OH 

Tim  Pritts,  MD,  PhD 


OBJECTIVES:  Hemorrhage  is  the  leading  cause  of  potentially  preventable  mortality  in  current  military  conflicts  and  is 
associated  with  acute  inflammation.  Improved  resuscitation  strategies  are  necessary  for  optimal  outcomes,  but  the  effect  of 
hypobaric  hypoxia  on  the  inflammatory  response  to  hemorrhage  and  resuscitation  is  unknown.  We  hypothesized  that  exposure  to 
hypobaric  hypoxia  may  alter  the  acute  inflammatory  response.  METHODS:  Mice  underwent  femoral  artery  cannulation  and 
hemorrhage  using  a  pressure-clamp  model,  then  resuscitation  with  Lactated  Ringer’s  solution  (LR)  or  a  1:1  ratio  of  fresh  packed 
red  cells  and  plasma  from  donor  animals  (1:1).  At  1  and  24  hours  following  resuscitation,  mice  underwent  simulated  shock  in 
mice.  These  findings  suggest  that  the  current  practice  of  aeromedical  evacuation  following  injury,  including  rapid  transport  to 
higher  echelons  of  care,  may  not  negatively  impact  the  inflammatory  response  following  hemorrhage. 
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Inflammation  Following  Hemorrhage  and 
Aeromedica!  Evacuation 


Leading  cause  of  potentially  preventable  mortality 
following  traumatic  injury 


Amy  T.  IVtakley  MD,  Michael  D.  Goodman  MD,  Eric  Campion  MD, 
Dennis  Sonnier  MD,  Lou  Ann  W.  Friend  RVT, 

Rebecca  Schuster,  Stephanie  Bailey,  Warren  C.  Dorlac  MD. 
Jay  A.  Johannigman  MD,  Alex  B.  Lentsch  PhD. 

Timothy  A,  Pritts  MD,  PhD 


Global  ischemia- re  perfusion  injury 

Dysfunctional  systemic  inflammatory  response 
-  Infection,  multi-system  organ  failure 


Department  of  Surgery,  University  of  Cincinnati 


. -W 

Cincinnati 


Cincinnati 


Potential  opportunity 

-Attenuate  inappropriate 
inflammation 

-  Reduce  organ  injury 

-  Improve  survival 

-  Affect  late  complications 


Bau  -ut  HU  il  J  Tnu^n,  JS3f7.  A&S-fiia 


W. 

Cincinnati 


*  Rapid  transport  of  critically  ill  patients 

*  Patients  may  be  exposed  to  hypobaric  hypoxia 

*  Even  mild  hypobaric  hypoxia  may  alter  the 
response  to  injury 
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•  Moderate  altitude  change  occurs  during  commercial  and 
military  flight 

•  Altitude  exposure  may  lead  to: 

-  Hypoxia  -  oxygen  saturation  levels  to  <90% 

-  Symptoms  similar  to  acute  mountain  sickness 


•  Even  after  3  hours  in  commercial  flight  conditions 

-  Effects  of  continued  altitude  exposure  may  be 
mediated  by  inflammation 


•  Hypobaric  hypoxia  could  represent  a  “second  hit” 

-  Timing  of  post-injury  AE  could  impart  physiologic 
stressors  that  adversely  influence  outcome 

•  Few  studies  exist  that: 

-  Characterize  the  inflammatory  response  to  AE 

-  Address  the  impact  of  AE  on  injury  patterns 

-  Guide  optimization  of  the  immunological  status  to 
minimize  the  physiologic  impact  of  flight 


Cincinnati 
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NSE  3hr  preft  ight  injury 


NSE  24hr  preflight  injury 


•  Evaluate  the  effect  of  hypobaric  hypoxia 
on  the  inflammatory  response  to 
hemorrhage  in  mice 


r.  .mr. 

Cincinnati 


Anesthesia 

V 

Cannulation 


Hemorrhage 

V 

Resuscitation 

V 

Analysis 
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1:1  LR  Sham 


1“  Fiy  I 

1 1=1  No  Fly  | 
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1 1=1  No  Fly  | 


Cincinnati 


No  consistent  evidence  from  these 
experiments  that  mild  hypobaric  hypoxia 
exacerbates  the  inflammatory  response 
to  hemorrhage 


Cincinnati 
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•  Evaluate  the  effect  of  blood  component 
transfusion  on  the  inflammatory  response 
to  hemorrhagic  shock  in  mice 


Cincinnati 


•  “Standard  of  care”  is  crystalloid  first,  then 
pRBCs,  then  other  products  as  needed 

•  Whole  blood  likely  best,  but  not  widely 
available 

•  How  does  a  1:1  ratio  of  plasma:pRBCs 
influence  systemic  inflammation? 


Cincinnati 


■ 

Murine  pRBCs 

|  Murine  Plasma 

™  ll 

Anticoagulant 

CP2D  (Citrate  Phosphate 
Double  Dextrose) 

-  Glucose  257.6  mmol/L 

-  Citrate- citric  acid  105.0  mmol/L 

-  Sodium  phosphate  18.5  mmol/L 

-  pH  5.7 

RBC  additive  solution 

AS -3  (Nutricel) 

-  Glucose  55.5  mmol/L 

-  Sodium  chloride  70.1  mmol/L 

-  Sodium  phosphate  20  mmol/L 

-  Citric  acid  12  mmol/L 

-  Adenine  2.2  mmol/L 

-  pH  5.8 

_1C. 

Cincinnati 


Anesthesia 
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Cannulation 

V 

Hemorrhage 

V 

Resuscitation 

V 

Analysis 
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•  Conventional  crystalloid  administration,  FWB,  and 
1:1  each  achieve  goal  resuscitation  parameters 

•  Resuscitation  with  warm  FWB 

■  Requires  less  fluid  volume 

■  Decreases  systemic  inflammation 

■  Reduces  pulmonary  capillary  leak 

■  Attenuates  lung  injury 

•1:1  ratio  of  plasma  to  pRBCs  very  similar  to  whole  blood 


•  Evaluate  the  effects  of  varied  ratios  of 
blood  and  FFP  (“damage  control 
resuscitation”)  on  the  inflammatory 
response  to  hemorrhage  in  mice 


Cincinnati 
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Cincinnati 


Ratio  of  Products 

Mortality 

Borgman,  2007 

1:1.4  plasma:  pRBCs 

* 

Gunter,  2007 

2:3  plasma:pRBCs 

Sperry,  2008 

1:1.5  plasma:  pRBCs 

Schreiber,  2009 

1:1  plasma:pRBCs 

* 

Holcomb,  2009 

1 :2  plasma:pRBCs 

Transfusion  of  a  high  ratio  of  plasma:pRBCs 
would  decrease  the  systemic  inflammatory 
response  following  hemorrhagic  shock 


•  Retrospective  reviews 

-  Association  between  high  ratios  of  plasma: pRBCs  and  survival 

-  Potential  confound er  of  survival  bias 


Cincinnati 
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Shed  Blood  Volume 


Resuscitation  Volume 


20  40  60 

Time  (minutes) 


ill 


Equilibration 


Resuscitation 


r.  1C 

Cincinnati 


Plasma  2:1  1:1  1:2  pRBCs 


ic 


Cincinnati 


Resuscitation 

Strategy 

pH 

Base 

Excess 

hco3- 

(mmol/L) 

Lactate 

(mmol/L) 

Hb 

(grams) 

Plasma 

7.48=fc0.02* 

1.2±1.5 

24.6±1.4 

1.84  ±0.27^ 

^9.83i0.33**^ 

2:1  plasma:  pRBCs 

7.29=t0.02 

1.5±0.6 

28.2i0.7 

0.78=t0.06 

11.22=t0.73 

1:1  plasma:pRBCs 

7.35=t0.02 

-0.2il.2 

23.2il.2 

1.62±0.68^ 

10.2&±0.92*J^ 

1:2  plasma:pRBCs 

7.33i0.04 

O.Sil.l 

24.ft±1.3 

1.33±0.26 

13.20i0.60 

pRBCs 

7.29=t0.01 

-1.0i0.4 

26.1i0.5 

2.06i0.69^ 

13.08i0.58^ 

*p<0  .05  vs.  a  II  othe  r  g  rou  ps ; 
**p<0.05  vs.  pRBCs  and  1:2  plasma: pRBCs 

—ic 

Cincinnati 


Macrophage  Inflammatory  Protein-la 

300 


plasma  2:1  1:1  1:2  pRBCs 


*p<0.05vs.  plasma  and  pRBCs  alone  _  - 

— -ic 

Cincinnati 
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Injection 

20mg/kg  of  4%  Evans  Blue 


L 


Circulation 

30  minutes 


I 


!—►  Perfusion 

10  mL  heparinized  PBS 


Representative  intestinal  segments 
after  Evans  Blue  perfusion 


— i— 


Ls 


►Extraction 

1 0Omg  tissu e/mL  formamide  1  tlT 

UNIVItHTV  Of  'VjL 

Cincinnati 
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•  Resuscitation  with  a  1:1  ratio  of  plasma:pRBCs 
-Attenuates  systemic  inflammation 

-  Reduces  organ  specific  vascular  leak 

•  The  optimal  resuscitation  strategy  following 
severe  hemorrhage  may  involve  fresh  blood 
products  transfused  in  physiologic  ratios 


In  a  mouse  model  of  hemorrhagic  shock: 

•  Hypobaric  hypoxia  does  not  appear  to 
alter  the  inflammatory  response 

•  Fresh  whole  blood  and  1:1  are  superior 
to  crystalloid 

•  Plasma  to  pRBC  ratio  of  1:1  optimal 


.nr. 

Cincinnati 


r.  M. 

Cincinnati 
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United  States  Air  Force  FA8650-05-2-651 8 
US  AM  RAA  W81 XWH-09-1  -0625 
NIH  Training  Grant  T32  GM08478 
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MAF  Aircrew  Fatigue  Countermeasures  Survey 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM) 
Col/Dr.  Jane  Karen  Klingenberger 


No  Go  Pills  (hypnotics)  have  been  available  to  aircrews  for  several  years  for  use  in  operational  settings;  however,  to  date  there 
has  been  no  assessment  of  their  efficacy.  Are  Mobility  Air  Force  (MAF)  aircrews  effectively  utilizing  pharmaceuticals  that 
enhance  sleep  (hypnotics)  to  count  the  effects  of  "jet  lag”  and  other  operational  disruptors  including  circadian  rhythm? 

Currently  there  are  three  hypnotics  that  are  ground  tested  and  approved  for  all  MAF  aircrews.  The  presentation  will  be  a  review 
and  discussion  based  on  a  new  aircrew  survey  and  the  results  of  a  convenience  sample  of  respondents  assessing  the  self  reported 
frequency  and  effectiveness  of  "No  Go"  medication  use. 

Preliminary  data  suggests  that  40%-50%  of  MAF  aircrews  are  using  "No  Go"  medication  while  TDY  or  on  overseas  missions 
with  a  statistically  significant  difference  in  the  length  of  sleep. 
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Headquarters  U.S.  Air  Force 

Integrity  -  Service  -Excellence 

Preliminary  Survey  Results: 
Fatigue  Countermeasures  Use  in 
Mobility  Air  Forces 


Year  of  the  Air  Force 
Family 


Colonel  Karen  Klingenberger,  MD,  MPH 
Air  National  Guard  Readiness  Center 
^  ^  Deputy  Air  Surgeon 

25  Aug  2010 

35 


Year  of  the  Air  Force 
Family 


V 


Overview 


■Background 

■Methods 

■Study  Design 

■Results 

■Discussion 

■Strengths/Weaknesses 

■Implications 


Integrity  -  Service  -  Excellence 


Year  of  the  Air  Force 
Family 


W 


Background 


■  Sleep  is  a  basic  but  precious  commodity 

■  Elusive  during  sustained  global  operations 

■  Aircrew  cannot  be  trained  to  become  less 
physiologically  fatigue 

■  Restorative  sleep  is  required  to  recover  from 
severe  physiological  fatigue 


Integrity  -  Service  -  Excellence 


Year  of  the  Air  Force 
Family 


v 


Background 


■  Mitigation  of  fatigue  is  complex 

■  Occupational  risk  interventions 

■  Engineering  controls 
■  Billeting 

■  Administrative  Controls 


■  Policies 

p  p  * 

■  Education 

■  Scheduling 

v 

■AMMO/FAST 

t= 

1  ^ 
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Y**r  of  the  Air  Fore®  W  But,  When  Administrative 
Controls  Aren't  Enough... 


Y®*rofth®AJrFocc®  J 
F»mWy  7,7 


Background 


Personal  protection/intervention 

■  Sleep  hygiene 

■  Napprngdnflight  napping 

■  Hypnotics  or  "no  go"  medication 


Integrity-  Service  -  Ex Celle nee 


Year  of  Ih®  Air  Fore®  J 
Family  V 


Background 


Year  of  IS*  Wr  Fore® 
Family 


W 

*** 


Background 


■  2001  USAF  policy  changed 

■  2003  AMC  authorized  hypnotics/" no  go" 

■  Three  approved  medications 

■  Restoril  (temazepam) 

■  Ambien  (zolpidem) 

■  Sonata  (zaleplon) 


■  Characterize  use  of  "no  go"  medications 

■  Commissioned  through  USAFSAM  by 
AMC/SG,  Maj  Gen  Robb 

■  Target  population  Air  Mobility  Command 

■  Expanded  for  all  Mobility  Air  Forces 
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Year  of  the  Air  Force 
Family 


Methods 


Year  of  the  Air  Force  l  J 
Family 


Methods 


■  Literature  Search 

■  Survey  Development  Alterative  Process 

■  Expert  Input 

■  Dr.  Nancy  Wesensten  (WRAIR) 

■  Operational  Input 

■  Pilots 

■  Flight  Surgeons 

■  Pilot  Testing 

■  Oklahoma  Air  National  Guard 


■  Survey  Deployment 

■  Anonymous  survey  offered  at  FlyAwake.org 

■  Dates 

■  1  April  to  30  April  2010 

■  Initially  deployed  through  an  FCIF 

■  E-mail  reminder 

■  Cosigned  letter 

■  MG  Bash  AMC  (Operations)  and  MG  Robb 
AMC  (Surgeon  General) 

■  15  April  2010 
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Methods  -  Study  Design 


■  Structure 

■  66  questions 

■  62  questions 

■  Qualitative 

■  Quantitative 

■  Likert  scales'!  to  7 

■  4  comment  questions 

■  Four  sections 

■  Demographics 

■  Sleep  patterns  at  homestation 

■  Sleep  patterns  while  TDY  or  oversseas 

■  General  questions 


Year  of  the  Air  Force  L  J 
Family 
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Year  of  the  Air  Force 
Family 


Results 

Demographics 


■  Cummulative  Responses 


■  Estimatedover  10,000  in  MAF 


■  1037  responses/10% 

■  Components 

■  Air  Mobility  Command  (AMC) 

■  843  responses/81.3% 

■  Air  Force  Reserves  (ARC) 

■  77  responses/7.4% 

■  Air  National  Guard  (ANG) 

■  77  responses/7.4% 

■  Pacific  Air  Force  (PACAF) 

■  37  responses/3.6  % 

■  USAF  Europe  (USAFE) 

■  3  res  pons  es/.3% 


Results  by  Component 


Integrity  -  Service  -  Excellence 


156 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  3_ Enroute  Care 


Year  of  the  Air  Force 
Family 


w 


Results 

Demographics  -  Crew  Positon 


-  Rank 

■Officer -733/70.7% 

-  Enlisted  -304/29.3% 

-  Age 

-  Median  -  31  years 

-  Range  -40  years 

-Ages  1 9  to  59 
■  Years  in  service 

■  73%  <15  years 
■Flying  Hours 

•  5Q%  >  2000  hours 
■Crew  Position 

■  Pilots  63.9  % 

■  Load  Master  14,3  % 

■  Flight  Engineers  6.6  % 

■  Boom  Operators  5.5  % 

■  Navigators  3  % 

■  Others  7% 

-Aircraft 


Year  of  the  Air  Force 
Family 


V 


Results 


■  Amount  of  sleep  to  feel  fully  rested 

■  7.71  hours 

■  Sleep  at  homestation 

■  7.07  hours 

■  Sleep  TDY/Overseas 

■  6.55 

■  83.5%  not  ready  to  fly  due 

■  1%  of  the  time  or  greater 
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Year  of  the  Air  Force 
Family 


Results 


Year  of  the  Air  Force 
Family 


V 


Analysis 


■  86.9%  tested  one  or  more  approved  “no  go” 

■  47.3%  tested  all  three 

■  22.0%  tested  only  Ambien 

■  Another  17.6%  tested  a  combination  of 
Ambien/Sonata  or  Ambien/Restoril 

■  13.0%  Had  not  tested  any  approved  “no  go” 

■  No  go  use  by  43.3%  MAF  aircrews  surveyed 


■  Descriptive  frequency  analysis 

■  Optimum  number  of  hours  to  be  fully  rested 

■  Comparison  of  Means 

■  Quantity  of  sleep  (homestation/TDY) 

■  Quality  of  sleep  at  (homestation/TDY) 

■  Likert  scale  from  1  to  7 

■  Alertness  (homestation/TDY) 

■  Likert  scale  from  1  to  7 
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Year  of  the  Air  Force  _  , 

Family  A  HA  /l/.Qf.Q 


■  Statistical  Analysis 

■  Independent  t -tests 

■  Never  taking  medication  versus  taking 
“no  go’7 

■  Paired  t-tests  of  sample  means 

■  Group  taking  “no  go”  medication 
before  and  after 


Integrity  -  Service  -  Excellence 


Year  of  the  Air  Force  ReSUltS 

Family 

Mean  Qt/anf/fy 


Quantity  Quality  I  AtertneGs 

Hours  of  Sleep  H  Likert  I  Likert 


/ntegr  ity  -  Seroice  - 


Year  of  the  Air  Force 
Family 


Results 

Operational  Alertness 


Year  of  the  Air  Force 
Family 


v 


Results 

Means 


■  Perception  of  operational  alertness 

■  Likert:  1  no  more  alert->7  much  more  alert 

■  Outcome  after  "no  go"  Medication 

■  TDY/Overseas  Missions 

■  4.72  mean  baseline  of  all  responders  (N  =  1073) 

■  4.86  ->  do  not  take  "no  go"  medication 

■  N  =  600 

■  4.55  ->  do  take  "no  go"  medication 

■  N  =  473 

■  Responders  who  do  take  "no  go" 

■  Report  alertness  of  5.32  after  "no  go" 

Integrity  -  Service  -  Excellence 


TDY/Overseas 


Quantity  H  Quality  I  Alertness 
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Year  of  the  Air  Force 
Family 


Results 

Mean  quantity 


year  of  the  Air  Force  J 

Family 


TDY/O  ver  se  as 


Results 

Means 


With  taking 
"no  go" 

N  =449 

7.55* 
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Year  of  the  Air  Force 
Family 


Year  of  the  Air  Force 
Family 


v 


Results 

Operational  Alertness 


TDY/O  verse  as 


Alertness 


p 


<0.001 


7 

6 


NO  M EDS  not  on  "No  Go"  On  "No  Go" 
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Year  of  the  Air  Force 
Family 


Results 

Means 


Year  of  the  Air  Force  J 

Family 


Discussion 


Integrity  -  Service  -  Excellence 


■  Statistically  and  clinically  significant 

■  Operational  significance 

■  “No  go"  use  primarily  in  theater/TDY 

■  No  go  use  by  43.3%  MAF  aircrews  surveyed 
■  Overall  self-report 

■  Improved  quantity  of  sleep 

■  Improved  quality  of  sleep 

■  Improved  operational  alertness 

■  Aircrews  report  lack  of  consistent  education 
about  “No  Go” 


Integrity  -  Service  -  Excellence 


26 


Year  of  the  Air  Force  J  A  .  . 

V  Strengths/Weaknesses 


■  Strengths 

■  N  > 1000 

■  Comprehensive  survey 
■Napping 
■comments 

■  Weaknesses 

■  Low  response  rate 

■Generalize  to  total  MAF  population? 

■  Small  A  ->  statistical  significance 


Year  of  the  Air  Force  .  ..  . 

_ Fami|y  t  Implications  of  Research 


-  Operational  impact 

-  83.5%  not  ready  to  fly  due  to  lack  of  sleep 

■  1%  or  greater  of  the  time 

■  “No  go”  effective  fatigue  countermeasure 

-  Flight  surgeons  key  to  mitigation 

-  Be  the  expert  and  advocate 

-  Inform  policy  and  operational  decisions 

-  Ensure  aircrews  .... 

-  Educated 

■  Access 

-  Ground  tested 


w 
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